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Geographical Distribution of Animals. By Professor 
Louis Agassiz. 

The greatest obstacles in the way of investigating the laws 
of the distribution of organized beings over the surface of our 
globe, are to be traced to the views generally entertained 
about their origin. There is a prevailing opinion, which 
ascribes to all living beings upon earth one common centre 
of origin, from which it is supposed they, in the course of 
time, spread over wider and wider areas, till they finally came 
into their present state of distribution ; and what gives this 
view a higher recommendation, in the opinion of most men, is 
the circumstance, that such a method of distribution is con- 
sidered as revealed in our sacred writings. We hope, how- 
ever, to be able to shew that there is no such statement in 
the Book of Genesis ; that this doctrine of a unique centre of 
origin, and successive distribution of all animals is of very 
modem invention ; and that it can be traced baclt for scarcely 
more than a century in the records of our science. 

There is another view to which, more recently, naturalists 
have seemed to incline ; viz., the assuming several centres of 
origin, from which organized beings were afterwards diffused 
over wider areas, in the same manner as accoiding to the 
first theory, the difference being only in the assumption of 
several centres of dispersion instead of a single one. 

We have recently been led to take a very different view of 
the subject, and shall presently illustrate the facts upon 
which the view rests. But before we undertake to introduce 
more directly this subject, there is another point which iift- 
iL, XLIX. HO. SCVll. — JULY 1850. 
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quirea preliminary investigation, which seems to have been , 
entirely lost sight of by all those, without exception, who i 
have studied the geogi-aphical distribution of animals, and 
which seems to us to be the keystone of the whole edifice, 
whenever we undertake to reconstruct the primitive plan of, 
the geogi-aphical distribution of animals and plants. The 
distribution of organized beings over the surface of our globe- 
in its present condition cannot be considered in itself ; and 
without an investigation, at the same time, of the geographi-^ 
cal distribution of those organized beings which have existed 
in former geological periods, and had become extinct beforol 
those of the present creation were called into being. For it.' 
is well ascertained now that there is a natural succession in, 
the plan of creation — an intimate connection between all the 
types of the different periods of the creation from its beg^-> 
ning up to this day ; so much so, that the present distribution 
of animals and plants is the continuation of an order of things 
which prevailed for a time at an earlier period, but which 
came to an end before the existing arrangement of things 
was introduced. 

The animal kingdom, as we know it in our days, is there-- 
fore engrafted upon its condition in earlier periods ; and it is 
to the distribution of animals in these earlier periods that we 
must look, if we would trace the plan of the Creator from 
its commencement to its more advanced development in our 
own time. 

If there is any truth in the view that animaJs and plants 
originated from a common centre, it must be at the same 
time shewn that such an intimate connection between the 
animals existed at all periods ; or, at least, we should, before 
assuming such a view for the animals living in our days, 
discover a sufBcient reason for ascribing to them another 
mode of dispersion than to the animals and plants of former 
periods. But there is such a wonderful harmony in all the 
great processes of nature, that, at the outset, we should be 
carefully on our guard against assuming different modes of 
distribution for the organized beings of former periods, and 
for those which at present cover the globe. Should it be plain 
that the animals and plants did not originate from a common 
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centre at the beginning of the creation, and during the dif- 
ferent successive geological periods, we have at once a strong 
indication that neither has such been the case with the ani- 
naala of the present day ; and, on the other hand, if there 
were satisfactory evidence that the animals and plants now 
living originated from a common centre, we should consider 
the matter carefully before trusting to the views derived from 
geological facts. Let us, therefore, examine first the value of 
the evidence on both sides. 

We have already expressed, and we repeat here, our earnest 
belief that tlie view of a unique centre of origin and distribu- 
tion rests chiefly upon the supposed authority of the Mosaic 
record ; and is in no way sustained by evidence derived from 
investigations in natural history. On the contrary, wherever 
we trace the animals in their present diatributions, we find' 
them scattered over the surface of our globe in such a manner, 
according to such laws, and under such special adaptations, 
that it would baiHe the most fancifiil imagination to conceive 
such an an-angement as the mere results of migrations, or of 
the influence of physical causes over the dispersion of both 
animals and plants. For we find that all animals and plants 
of the arctic zones agi-ee in certain respects and are uniform 
over the three continents which verge towards the northern 
pole, whilst those of the temperate zone agree also in certain 
respects, but differ somewhat from each other within definite 
limits, in the respective continents. And the difl^erences grow 
more and more prominent as we approach the tropical zone, 
which has its peculiar Fauna and Flora in each continent ; so 
much 80, that it is impossible for us to conceive such a normal 
arrangement, unless it be the result of a premeditated plan, 
carried out voluntarily according to predetermined laws. 

The opinion which is considered as the Biblical view of the 
case, and according to which all animals have originated in 
A common centre, would leave us at a loss for any cause by 
which to account for the special dispersion of animals and 
plants beyond the mere necessity of removing from the 
crowded ground to assume wider limits, as their increased 
number made it constantly more and more necessary and im- 
p^ative. According to this view, the animals of the arctic 

a2 ■ 
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zone as well as those of the tropics, — those of America as 
well as those of New Holland, — have been first created upon 
the hijj'h lands of Iran, and have taken their course in ail 
directions, to settle where they are now found to be strictly 
limited. It does not appear how such migrations of polar 
animals could have taken place over the warmer tracts of 
land wliicli they had to cross, and in which they cannot even 
be kept alive, in our days, with the utmost precautions : nor 
how the terrestrial animals of New Holland, which have no 
analogies in the main continents, could have reached thafc 
large island, nor why they should have all moved thither. 
And, indeed, it is impossible, with such a theory, to account; 
either for the special adaptation of types to particular districts 
of the earth's surface, or for the limited distribution of so 
many species which are found only over naiTOw districts in 
their present arrangement. It is inconsistent with the struc- 
ture, habits, and natural instincts of most animals, even to 
suppose that they could have migrated over any great diB- 
tances. It is in complete contradiction with the laws of na- 
ture, and all we know of the changes our globe has under- 
gone, to imagine that the animals have actually adapted them- 
selves to their various circumstances during their migration, 
as this would be ascribing to physical influences as mtu 
power as to the Creator himself. 

And, again, the regular distribution, requiringprecise laws, 
as we find it does, cannot be attributed either to the volun- 
tary migration of animals, or to the influence of physical 
causes, when we see so plainly that this distribution is in ac- 
cordance with the geographical distribution of animals and 
plants in former geological periods. But about this presently. 
We will only add, that we cannot discover in the Mosaic ac- 
count anything to sustain such a view, nor even hints lead- 
ing to such a construction. What is said of animals and 
plants in the first chapter of Genesis, what is mentioned of 
the preservation of these animals and plants at the time of 
the deluge, relates chiefly to organized beings placed about 
Adam and Eve, and those which their progeny had domesti- 
cated, and which lived with them in closer connection. 
Letua now look at the res'ults of geological investigations 
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respecting the origin of earlier races of animals and plants. 
It is satisfactorily ascertained at present, that there hare been 
many distinct successive periods, during each of which large 
numbers of animals and plants have been introduced upon 
the surface of our globe, to live and multiply for a time, then 
to disappear and be replaced by other kinds. Of such dis- 
tinct periods, such successive creations, we now know at least 
about a dozen, and there are ample indications that the in- 
habitants of our globe have been successively changed at more 
epochs than are yet fully ascei-tained. But whether the num- 
ber of these distinct successive creations be twelve or twenty, 
the fact stands in full light and evidence, that animals and 
plants which lived during the first period disappeared, either 
gradually or successively, to make room for others, and this 
at often -repeated intervals ; and that the existence of animals 
and plants which live now is of but recent origin, is equally 
well ascertained. 

There is another series of phenomena, not less satisfac- 
torily established, which go to shew that the extent of dry 
land rising above the surface of the ocean has neither been 
equally extensive at all times, nor has it had the same out- 
line at all periods. On the contrary, we know that, early in 
the history of our globe, there baa been a period, when but 
few low groups of islands exiHted above the surface of the 
ocean, which, through successive elevation and depression, 
have gradually enlarged and modified the extent and form of 
the mainland. 

Again, in examining the remains of organized beings pre- 
served in the different strata constituting the solid crust of 
our globe, we find that at each period, animals and plants 
were distributed in the ocean and over the mainland in a 
particular manner, characteristic of every great epoch. A 
closer uniformity in their distribution is found in tbe earlier 
deposits, so much so that the oldest fossils discovered in the 
southern extremity of Africa, on the eastern and southern 
shores of New Holland, and in Van Diemen's Land, in North 
America, or in various parts of Europe, are almost identical, 
or at least so nearly related, that they resemble each other 
much more than the animals and plants which at present 
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live in the same countries ; shewing that uniformity in tl 
aspect of the surfa-ce of the globe, as well as in the nature 
animals and plants, was at first the prevailing rule, and that, 
whatever was the primitive region of these animals and plants, 
their types occupied much more extensive districts than any 
race of living beings during later periods. Are we to infer 
from this faut, that, at that period, these animals andplantft 
originated from one common centre, and were distributed 
equally all over the globe ? By no means. Though slight, 
we find nevertheless such differences among them in distant 
parts of the world as would rather sustain the view of an 
adaptation in the earliest creations to more uniform circum- 
stances, than iJiat of one centre of origin for all animals and 
plants of those days. During later periods, indeed, we find 
from geological evidence that large islands had been formed, 
more extensive tracts of land elevated above the surface of 
the ocean, and the remains both of the animals and plants 
derived from these different regions present already marked 
differences when we compare them with each other,— varietiea 
similar to those which exist between the respective continents 
at present, though perhaps less marked. Shall we here again 
assume that animals and plants originated from another 
centre, or from the same centre as those of former periods, to 
migrate over those different parts of the world, through the 
sea as well as over laud \ It is impossible to arrive at such 
a conclusion, when we consider the distribution of fossil re- 
mains in the more recent geological deposits, or in those 
strata which were formed during the latest geological periods, 
immediately before the present creation. For we find in 
these comparatively modern beds a distribution of fossil re- 
mains which agrees in a most remarkable manner with the 
present geographical arrangement of animals and plants. 
For instance, the fossils of modem geological periods in New 
Holland are of the same types as most of the animals now 
living there. Again, the recent fossils of Brazil belong to the 
same families as those prevailing at present in Brasil ; though, 
in both cases, fossil species are distinct from living ones. If, 
therefore, the organized beingsof the recent geological periods 
had arisen from one central point of distribution, to be dis- 
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persed and finally to become confined to tbose eountrieB 
where their remains are found in a foaail condition, and if the 
animala now living had also spread from a common origin over 
the same districts, and had then been circumscribed within 
equaliy distinct limits, we should be led to the unnatural 
supposition, that animals of two distinct creations, differing 
specifically throughout, had taken the same lines of migra- 
tion, had assumed finally the same distribution, and had be- 
come permanent in the same regions, without any other 
inducement for tbeir removal and final settlement than the 
mere necessity of covering more extensive ground after they 
had become too numerous to remain any longer together in 
one and the same district. This were to ascribe to the ani- 
mala themselves, or to the physical agents under which they 
live, and by which they may be influenced, as much wisdom, 
as mnch providential forethought, as is evinced throughout 
nature, both in the distribution of animala, and in their special 
adaptation to particular portions of the globe in which they 
are closely circumscribed at present, and to which they were 
limited under similar circumstances during those periods 
which preceded immediately the present arrangement of 
things. Now these facts in themselves leave not the shadow 
of a doubt in our mind, that animals were primitively created 
all over the world, within those districts which they were 
naturally to inhabit for a certain time. The next question is — 
were these organized beings created in pairs, as is generally 
thought and believed ? The opinion, that all animals must 
he referred to one single, primitive pair, is derived from evi- 
dence worthy of consideration, no doubt, but the value of 
which may fairly be questioned by naturalists ; since this 
point, at least if we except Adam and Eve, is entirely of 
human construction, and only assumed because it is thought 
• to shew a wise economy of means in the established order of 
things which exists. It is supposed, that, if one pair were 
sufficient, there is no reason why the Creator should have 
introduced at one time a greater number of each kind, as 
economy of means is always considered an indication of high 
wisdom. But are not these human considerations? Aftd if 
they are, and if we are entitled to question their VBi.\.Ma,\e,V>i& 
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see how they answer the object which was intended, namely, 
the peopling of the whole world with various races 6f organized 
beings. 

Whenever we consider the economy of nature, we observe 
great varieties in the habits of different animals. There are, 
indeed, some which live constantly in pairs, and which by 
nature ore designed to perpetuate their races in that way, 
and to spread generation after generation over their natural 
boundaries, thus mated. But there are others to which it is 
equally natural to live in herds or shoals, and which we never 
find isolated. The idea of a pair of herrings, or of a pair of 
buffaloes, is as contrary to the nature and habits of those 

nimals, as it is contrary to the nature of pines and birches 
to grow singly, and to form forests in their isolation. 

But we can go further. There are animals in which the 
number of individuals of different sexes is naturally unequal, 
and among which there are either constantly more males or 
constantly more females bom, as the result of their peculiar 
nature and habits in the creation. A bee-lii»e never consista 
of a pair of bees ; and never could such a pair preserve the 
species, with their habits. For them it is natural to have one 
female and many males devoted to it, and thousands of neutral 
bees working for them. And this is the natural original 
mode of existence among that species of animals, which it 
would be utterly contrary to the laws of nature to consider as 
derived from a single pair. There are a number of birds, oa 
the contrary, in which only a few males are universally found 
with many females, living together in companies, such as the, 
pheasants, and our domesticated fowls, It were easy to mul- 
tiply examples in order to shew that a creation of all animals 
in pairs would have been contrary to their very nature, as we 
observe it in all. To assume that they have changed this 
nature would be to fall back upon the necessity of asci-ibing 
to phpicftl influences a power which they do not possess, — 
that of producing changes in the very nature of organized 
beings, and of modifying the primitive plan of the Creator. 

Again, there are animals which, by nature, are impelled to 
feed'upon other animals Was the primitive pair of lions 

to abstain from food until the gazelles and other antelopes had 
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sufficiently multiplied to preserve their races from the perse- 
cutioa of these ferocious beasts 1 Were all animals, and the 
innumeriLble tribes of ferocious fishes which live upon smallur 
ones, to abstain from food till these had been multiplied to a 
suftcient extent to secure their preservation ? Or were, per- 
haps, the carnivorous animals created only at a later period ? 
But we find them everywhere together. They eonatitute 
natural, harmonious groups with the herbivorous tribes, both 
in the waters and on land, preserving among each other such 
proportions as will maintain for ages an undisturbed harmony 
in the creation, 

Again, we find animals and plants occurring in distinct 
districts, unconnected with each othei", in such ways that it 
would seem almost impossible fur either to migrate from any 
point of their natural circle of distribution over its whole sur- 
face. Have, for instance, such animals as are found identical 
both in America and Europe been created either in Europe 
or in America, and wandered from one of the continents over 
to the other 1 Have those species which occur only in the 
far north, and upon tlie higher simmiits of the Alps, been 
created either in the Alps or in the nortli, and wandered from 
one place to the other \ "We are at a loss for substantial 
arguments for believing that either one or the other place has 
been the primitive location of such animals, or for denying 
their simultaneous creation in both. 

Evidence could be accumulated to shew, we will not say 
the improbability only, but even the impossibility, of supposing 
tiiat animals and plants were created in single pairs, and 
assumed afterwards their present distribution. But the facts 
mentioned will be sufiicient to introduce our argument, and 
from all we know of the laws of nature and of the distribu- 
tion of animals, we conclude that they could neither originate 
from a single pair, nor upon a single spot. And as for plants, 
we would ask naturalists whether it were not superfluous to 
create more than a single stalk of most plants, as vegetables, 
with a few exceptions, may multiply extensively from a single 
stem. But if it is granted that animals could not originate 
from a single pair, nor upon a single spot, what is the more 
natural view to take of the subject ? 
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Without entering fiiUy into this qoestion, we may as well 
state that we Lave been gradnally led to tiie concliiBion, that 
most animals and plants must have originated primitively over 
the whole extent of their natural distribution, ^e mean to 
Hay that, for instance, lions, which occur over almost the 
whole of Africa, over extensive parts of Southern Asia, and 
were formerly found even over Asia-Minor and Greece, must 
have originated primitively over the whole range of tltese 
limits of their distribution. We are led to these conclusions 
by the very fact, that the liona of the East Indies differ some- 
what from those of Northern Africa ; these, again, differ 
from those of Senegal. It seems more natural to suppose 
that they were thus distributed over such wide districts, and 
endowed with particular characteristics in each, than to 
assume that they constituted 'as many species ; or to believe 
that, created anywhere in this circle of distribution, they have 
gradually been modified to their.present differences in conse- 
quence of their migration. We admit these differences to be 
primitive and contemporaneous, from the fact, that there are 
other animals of different genera extending over the same , 
tracts of laud which have different representatives in each, 
circumscribed within narrower bounds, and this particular 
combination in each special district of the wider circle covered 
by the lion, seems, in om* opinion, the strongest argument in * 
favour of the view, that the particular districts of distribution 
have been primitively ascribed, with definite limits, to each 
species. Why should the antelopes north of the Cape of 
Good Hope differ from those of Arabia, or those of the Sene- 
gal, or those of the Atlas, or those of the East Indies, if 
they were not primitively adapted with their special modifi- 
cations to those districts, when we see the lion cover the whole 
range t And why should the varieties we notice among the 
lions within these boundaries not be primitive, though not 
constituting distinct species, when we see the herbivorous 
species of the same genus differ from one district to another ^ 
And why should the differences ia that one species of lion be 
the resultof changes in its primitive character,arising from its 
distribution into new districts, when we see that the antelopes 
are at once fixed as distinct species over the same grouad t 
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This ailment cannot be fully appreciated by those who 
are not extensively acquainted with natural history, but we 
may, perhaps, make it plainer by alluding to some other 
Bimilar facts. Our fresh waters teem everywhere with 
ammala and plants. Fishes and mollusca are among the 
most pi-ominent of their animals. Let us compare for a 
moment the different species which occur in the Danube, in 
the Rhine, and in the Khone, three hydrographic basins en- 
tirely unconnected with each other throughout their whole 
extent. They spring from the same mountain chain, as we 
may take the Inn as the source of the Danube. These three 
great rivers rise within a few miles of each other. Neverthe- 
less, most of their fishes differ, but there are some which are 
common to the three. We find the pickerel, — the Eui-opean 
pickerel, in the three basins. The eel is also common to 
them all. One kind of trout occurs ip the three. But how 
strange the distribution of some others ! — for instance, the 
perches. In the Rhine we find Perca fiuviatiUs, an^Acerma 
cernua ; in the Rhone, Perca fluviatilia, and Aspro vulgaris; in 
the Danube, Perca vulgaris, Lucio-perca Sandra, Acerina cer- 
nua, A. SckraUzer, Aspro vulgaris, and j4. Zingel. If these 
animals had not originated in these rivers separately, why 
should not such cloaely-alhed species, some of which occur in 
'the three basins, have all spread equally into themT and if 
they originated in the sepaj;ate basins, we have within close 
limits a multiple origin of the same species. 

And that this multiple origin must be admitted as a fact 
is shewn by the following further evidence. Among the 
carpes we find, for instance, Barbus, Gobio, Carpio, common 
to the three. But the Danube has three Gobios, whilst the 
others have but one, one of the Danube being identical with 
the one of the other two rivers. The moat striking fact, 
however, occurs in the genus Leuciscug. Leuciscus dobula is 
common to the three ; but hi addition to it, the Danube has 
several species which occur neither in the Rhine nor in the 
Rhone. The basin of the Rhone, again, has several species 
which occur neither in the Danube nor in the Rhine ; and in 
the Rhine, there are species which belong neither to the 
Rhone nor to the Danube. Now, we ask, could all tW%« 
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species of LeucUctis have been created in one of the basins,— 
iutlie Danube for inatance, — and havemigrated in such away, 
that a certain number of the species should remain solely in 
the Danube, while sdine others left the Danube altogether 
to settle finally only in the Khone, and others to settle only 
in the Rhine ; that one accompanying those species peculiar 
to the Rhone, remained in the Danube with those species 
peculiar to it, and settled also in the Rhone, with those 
species peculiar to that river, and also in the Rhine with the 
species peculiar to the Rhine l And whether we assume thi 
Rhone as the primitive centre, instead of the Danube or the 
Rhine, the argument holds equally gO€)d. We have one 
species common to the three rivers, and several species pecu- 
liar to each, which could never have migrated (if migration 
took place) in such a manner as to assume their present 
combinations, But if, on the contrary, we suppose that all 
the species originated in the rivers where they occur, then 
we have again a multiple origin of that species which 
common to the three, for it were wonderful if that one alone 
had migi-ated, when they are all so closely allied. Here, 
again, we arrive at the conclusion, that the same species can 
have a multiple origin, in the same manner as, from the con- 
siderations alluded to before, we have decided that species 
do not originate from single pairs, but in their natural pro-' 
portion with the other species jvith which they live simul- 
taneously over the whole ground which they cover. And 
this is the view which we take of the natural distribution of 
animals, that they originated primitively over the whole ex- 
tent of their natural distribution ; that they originated there, 
not in pairs, but in large numbers, in such proportions aa 
suits their natural mode of living, and the preservation of 
species ; and that the same species may have originated in 
different unconnected parts of the more extensive circle of 
their distribution. We are well aware that there are very 
many species which are known to have spread beyond what 
we would call their natural limits ; species which did not 
occur in North America before the settlement of the whites, 
that are now abundant here over very extensive tracts of 
country ; other species which have been introduced from 
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Amei'ica into Europe, and also into other parts of the world, 
ill different ways. But these are exceptional facta ; and, 
what is more important, theae changes in the primitive dis- 
tribution of organised beings, both animals and plants, have 
taken place under the influence of man, — under the influence 
of a being acting not merely from natural impulses, or under 
the pressure of physical causes, but moved by a higher will. 
So that these apparent exceptions to the rule would only 
go to confirm it ; as, within the limits of these secondary 
changes, we see a will acting, just as we consider that the 
primitive distribution of all organized beings has been the re- 
sult of the decrees of the Creator, and not the result of mere 
natural influences. 

Having thus led the way to what we would consider as a 
fairer ground for investigating the natural geographical dis- 
tribution of animals and plants, let us now examine the 
natural lines which seem to regulate this distribution. No- 
thing can be more striking to the observer than the fact, that 
animals, though endowed with the power of locomotion, re- 
main within fixed bounds in their geographical distribution, 
although an unbounded field for migration is open to them in 
all directions, over land, through the air, and through tlie 
waters. And no stronger argument can be introduced to shew 
that living beings are endowed with their power of locomo- 
tion to keep within general boundaries, rather than to spread 
extensively. There is another fact which shews that animals 
are made to remain within these natural limits. We would 
allude especially to the difficulty we experience whenever we 
attempt to transport animals from their native country into 
other countries, even if wc secure for them as nearly as can 
be the same conditions in which they used to live. Again, 
observe the changes which animals undergo when they are 
once acclimatized to countries different from their native 
land. There can be no more striking evidence of this than' 
the endless variety of our domestic animals, and there is no 
subject which more requires a renewed and careful investi- 
gation than this. We do not, liowever, feel competent to 
introduce this point more fully to the notice of our readers. 
Some facts bearing upon the question may best be nv«xv\\c:n^«&. 
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in a reference to the different animals which man has thus 
made subservient to hia social condition. We shall here 
allude only to the laws of distribution of wild animals in 
their natural condition. 

It has already been stated, that the present distribution of 
animals agrees with the distribution of extinct types belong- 
ing to earlier geological periods, so that the laws which regu- 
late the geographical distribution of aniroals seem to have 
been the same at all times, though modified in accordance 
with the successive changes which the animal kingdom has 
undergone fi-om the earliest period of its creation to the pre- 
sent day- The universal law is, that all animals are circum- 
scribed within definite limits. There is not one species which 
is uniformly spread all over the globe, either among the 
aquatic races or among the terrestrial ones. Of the special 
distribution of man, who alone is found everywhere, we shall 
speak hereafter. The special adaptation of animals to cer- 
tain districts is not merely limited to the individual species. 
We observe a similar adaptation among genera, entire fami- 
lies, and even whole classes. For instance, all Polypi, Me- 
duste, and Echinoderms, that is to say all liadiata, without 
exception, are aquatic* That large group of animals has not 
a single terrestrial representative upon any point of the sur- 
face of the globe ; and during all periods of the history of 
onr earth, we find that they have always been limited to the 
liquid element. And they ai-e not only aquatic, they are 
chiefly marine, as but exceedingly few of them are found in 
fresh waters. Among Mollusca we find almost the same 
adaptation. Their element also is the sea. The number of 
fresh-water species is small, compared with that of marine 
types ; and we find terrestrial species in only one of their 
classes. In former periods, aiso, Molltisca were chiefly marine; 
Buviatile and terrestrial types occurring only in more recent 
periods. 



■ * The following Btatements have beeu strictly couaiiiered, and aro raado in 
roferenM to a revised cloaBifieation of the animal kingdom, the details of which 
must, however, be omitted hero, oe ihey would extend this article bejond our 
•llotted boimds. 



Limitatiotu and Adaptatioru. 15 

With the Arlicitlala, we find another state of things. Two 
of their claBsea, the wopma and Crustacea, are chiefly marine, 
or at leaat aquatic, as we have a number of fresh-water 
worms, and some fresh-water Crustacea, But insects are, for 
the most part, chiefly terrestrial, feeding upon terrestrial 
plants, at least in their full-grown condition ; though a large 
number of these animals are fluviatile, and even some marine, 
during their earlier periods of life. In the Verlebrata, the 
adaptations are more diversified. Only one class of these 
animals is entirely aquatic — the fishes ; and the number of 
the marine species is far greater than that of the fresh-water 
kinds. Among reptiles there are many which are aquatic, 
either tliroughout life, or through the earlier period of their 
existence. -But, as if animal life rose to higher organization, 
as it leaves the ocean to inhabit dry land or fresh waters, we 
find that the greater number of the aquatic reptiles are 
fluviatile, and but a few marine. This fact agrees wonder- 
fully with the natural gradation of the classes already men- 
tioned. The lower type of animals, the Badiata, is almost 
exclusively marine. Among MoUwsca, we have a greater 
number of marine types, a large number of fluviatile species, 
and fewer terrestrial, and these are the highest in their class, 
Again, among Articulata, the lower classes, worms and Crus- 
tacea, arc marine, or at least fluviatile, whilst the highest 
class, that of insects, is chiefly terrestrial or fluviatile, during 
the earlier periods of their growth. Among the Verlebrata 
we see the lowest form, that of fishes, entirely aquatic, and 
the same rule applies partially to the reptiles ; but as the 
class rises, the number of the fluviatile species is greater than 
that of the marine types. Nest, among birds, which by their 
structure are exclusively adapted to live in the atmospheric 
air, we find the larger number to be terrestrial, and only 
the lower ones to live upon water, or dive occasionally into 
it, always seeking the surface, however, to breathe and to per- 
form their most important vital functions. It is, neverthe- 
lees, not a little strange, that this class should by nature be 
adapted to rise into the air, just as if the first tendency to- 
wards liberating them from the aquatic element had been 
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carried to an excess, and gave thein a relation to the earth 
which no other class, as a whole, holds to that degree, except, 
perhaps, the insects, which are placed amoDg the Arliculata 
in the same relation to the lower classes and the natural 
element, which the class of hirda maintains among Vertebrata. 
The highest class of Vertebrata affords us examples of these 
three modes of adaptation, the lowest of these being entirely 
aquatic, and even absolutely marine ; next, we have flnvia- 
tile types of the large terrestrial mammalia, in the family of 
Manatees, again, a swimming family among Gamivora, 
another flying, most of them however walking upon their 
four extremities on solid ground, but at the head of all, man, 
standing upright, to look freely upwards, and to contemplate 
the whole universe. 

This wonderful adaptation of the whole range of animals* 
as it exists at present, shews the most intimate connection 
with the order of succession of animals in former geological 
periods. The four great types, Badiata, Mollusca, Articulala^ 
and Vertebrata, were introduced at the beginning simul- 
taneously. However, the earliest representatives of these 
great types were all aquatic. "We find in the lowest beds 
which contain fossils, Polypi, together with star-fishes, bi- 
valve shells, univalves, chambered shells, cases of worms, 
and Crustacea, being representatives of at least seven out of 
nine classes of invertebrate animals, if we are not allowed to 
suppose that Medusa existed also, and if insects were still 
wanting for a time. But, in addition to these, fishes among 
Vertel/rata are introduced, but fishes only, all of which are 
exclusively marine. At a somewhat laterperiod insects come 
in. We find next reptiles in addition to fishes — the lower 
classes, or invertebrates, continuing to be represented through 
all subsequent epochs, but by species changing gradually at 
each period, as all classes do after they have been once intro- 
duced. The first representatives among reptiles are marine, 
next huge terrestrial ones, some, perhaps, flying types, and 
with them, and perhaps even before them, birds, allied to 
the wading tribes: still later, Mammalia, beginning again 
with marine and huge terrestrial types, followed by the 
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higher quadrupeds ; and, last only, Man, — at the head of the 
creation, in time as well as in eminence, by structure, intel- 
ligence, and moral endowments. 

Besides the general adaptation of animals to the Burround- 
ing media, there is a more special adaptation, which seems not 
less important, though it is perhaps less striking. Animals, 
as well as plants, do not live equally at all depths of the 
ocean, or at all heights above its sm-face. There must be a 
deep influence upon the geographical distribution of auimals 
in a vertical direction derived from atmospheric pressure 
above the surface of the waters, and from the pressure of the 
water itself at greater and greater depths, — the level of the 
ocean, or a small elevation above its surface, or a shallow 
depth under its surface, being the field of the most extensive 
and intensive development of animal life. And it is not a 
little remarkable that in the same classes we should find 
lower types at greater depths in the ocean, and also lower 
types at greater heights above. We will quote a few 
examples, to shew bow much we may expect from investiga- 
tions pursued in this direction, for at present we have but 
little information which can aid us in ascertaining the rela- 
tionship between atmospheric and hydrostatic pressure and 
the energies of animal life. 

Among Foli/piithe higher forms, such as Actinia, are more 
abundant in shallow water than the lower coral-foiTning 
types. Among Medusa:, the young are either attached to 
the bottom, op grow from the depth, while the perfect free 
forma of these animals come to the surface, Among Ec/ti- 
noderms, the Crinoids are deep-water forms; free star-fishes 
uid Echini, and, above all Jiolothuriw, living nearer the sur- 
fiice. Among MoUuaca, the Acephala, which are lowest, have 
their lower types, — the Brachiopods, entirely confined to deep 
waters ; the Monomyariang appear next, and, above them, 
the Dimyariang; among these latter, the highest family, 
the Nat/ades, rises above the level of the ocean into the fresh 
waters, and extends even to considerable heights above the 
sea, in lakes and rivers. A number of examples of all classes 
should be mentioned, to shew that this is the univeraal case ; 
as, for instance, among C/-w»toceo the jl/ac»-«ra ate, Yt^e^ew^. 
VOL. sijx. so. xcvn. — JULY 1860. "a 
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species of deeper water than Uie true crabs, of which 
some come even upon dry land. Again, on the slopes of our 
mountains, the highest forms among Mammalia which remain 
nnmcidus are the UammanCa and RodenU. There are no 
Carnirora living in high regions. Among birds of prey, we 
have the vultures, rising above the highest summits of moun- 
tains, while eagles and falcons hover over tlie woods and 
plains, by the water sides, and along the sea-shores. Among 
reptiles, salamanders, frogs, and toads occur higher than any 
turtles, lizards, &e. But the same adaptation may be traced 
with reference to the latitudes under which animals are 
found. Those of the higher latitudes, the arctic and antarctic 
species, resemble both the animals of high, prominent moun- 
tain chains, and those of the deep sea-waters, which there 
meet in the most unexpected combinations (and it is surpris- 
ing to see how extensively this is the case) ; while, in lower 
latitudes, towards the tropics, we find everywhere the higher 
representatives of the same families. For instance, among 
J/amnia^'aweobservemonkeysonlyinwarmlatitudes, and they 
die out in the warmer parts of the temperate zone. The great 
development of Digiligrndes — lions, tigers, &;c., takes place 
within the tropics, smaller species, like wolves and foxes, 
weasels, &c., occurring in the north, whilst the Plantigrades, 
which come nearer and nearer to the seal, follow an inverse 
progression, the largest and most powerful of them being the 
arctic ice bear, which meets there his family relations, the 
Pinnipedia, that are so numerous in the polar regions. Again, 
tha families of Buminanls and Pachyderms seem to form an 
exception, for though belongirgtothelower types of JWaMMd- 
/('a, they prevail in the tropical zone; but let us remember 
that they were among the earlier inhabitants of our glohe, 
and the fact of their occurring more extensively in warm 
climates is rather a reminiscence of the plan of creation in 
older times, than an adaptation to the law regulating at pre- 
sent the distribution of organized beings. The gradation of 
animals among birds being less satisfactorily ascertained, we 
do not venture to say anything respecting their geographical 
distribution, in relation to climates, But among reptiles, 
we cannot overlook the fact, that the crocodiles, which are 



the highest in structure, are alogether tropical, and the Ba- 
trachiang, which rank lowest, especially the sal am android 
forms, are rather types of the colder temperate zone than of 
the warm, &c. From these facta it ia plain, that the geo- 
graphical distribution of all groups has a direct reference to 
atmospheric and hydrostatic pressure on one side, and also 
to the intensity of light and heat over the surface of the 
globe. 

The special adaptation of minor groups begins very early in 
the history of our globe, and extends at present all over its 
surface. In the same manner as animals are adapted to 
natural limits in their large primitive groups which we call 
classes, we find also the minor divisions more closely adapted 
to particular circumstances of the physical condition of all 
parts of the globe. Among Mammalia, the great type of 
Marsapialia is placed in New Holland, and extends little 
beyond that continent into the adjacent islands. A very few 
representatives of that family are found in America. Asia, 
Africa, the colder parts of North America, and its southern 
extremity, are entirely deprived of this tyjie. The family of 
lidenlala, again, has its centre of development in South 
America, where the slotli, dasypus, ant-eaters, &c., form cha- 
ractenstic types, of which a few analogues occur in Africa, 
along its southern extremity and western coast. Now it is 
a fact upon which we cannot insist too strongly, that the 
same districts of New Holland and South America were, 
during an earlier geological period comparatively recent, the 
seat of an equally wide development of the same animals in 
the same extensive proportion as at present. We need only 
refer to the beautiful investigations of Dr Lund, upon the 
fossil mammalia of Brazil, and to those, no less important, of 
Professor Owen, upon the fossil remains of mammalia of 
New Holland, to leave not a shadow of doubt upon this 
adaptation, which indicates distinctly these two regions, at 
two distinct periods remote from each other, as the points of 
development of two distinct families, which have never spread 
over other parts of the globe at any period since the time of 
their existence, indicating at least two distinct foci of crea- 
tion, with the same characters, at two sueceaavje e^w?afc', b. 
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fact which, in our opinion, ean never be reconciled to th« 
idea of a unique centre of origin of the animals now liv- 
ing. But though other farailicB have never been and are 
not now localised in so special a manner, we nevertheless 
find them circumscribed within certain limits, in particular 
districts, or, at least, in partienlai" zones. 

As already mentioned, the monkeys are entirely tropicaL] 
But here, again, we notice a very intimate adaptation of their 
types to the particular continents, as tbe monkeys of tropical 
America constitute a family altogether distinct from tbe 
monkeys of the Old World, there being not one species of 
any of the genera of Qiiadritmana, so numerous on this conti- 
nent, found either in Africa or in Asia. The monkeys of the 
Old World, again, constitute a natural family by themselves, 
extending equally over Africa and Asia ; but the species of 
Africa differ from those of Asia ; and there Is even a close 
representative analogy between those of different parts of 
these two continents; the orangs of Africa, the chimpanzee 
and gorilla, corresponding to the red orang of Sumatra and. 
Borneo, and the smaller long armed species of continental 
Asia, And what is not a little remarkable is the fact, thafe 
the black orang occurs upon that continent which is inhabit- 
ed by the black human race, whilst t]ie hrown orang inhabits 
those parts of Asia over which the chocolate -coloured Malays 
have been developed. Tliere is again a peculiar family of 
Quadrumana confined to tlie Island of Madagascar — the makia 
— which are entirely peculiar to that island, and the eastern 
coast of Africa opposite to it, and to one spot on the western 
shore of Africa. But in New Holland, and the adjacent 
islands, there are no monkeys at all, though the climatic 
conditions seem not to exclude their existence any more 
than those of the large Asiatic islands, upon which such high 
types of this oi*der are found. And these facts more than 
any other, would indicate that the special adaptation of ani- 
mals to particular districts of the surface of our globe is 
neither accidental, nor dependent upon physical conditions, 
but Is implied in the primitive plan of the creation itself. 
Whatever classes we may take into consideration, we shall 
find simUar adaptations, and though, perhaps, the greater 
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unifoi'mity of some families renders the difference of the 
types in various parts of tha world !esa striking, they are 
none the less real. The Carnivora of tropical Asia are not 
the same as those of tropical Africa, or those of tropical 
America. Their birds and reptiles present siniilar differ- 
ences. The want of an ostrich in Asia, when we have one, 
the largest of the family, in Africa, and two distinct species in 
Southern America, and two cassowaries, one in New Holland, 
and another iu the Sunda Islands, shews this constant 
process of analogous or representative species repeated over 
different parts of the world to be the principle regulating the 
distribution of animals, and the fact that these analogous 
species are different, again, cannot be reconciled to the idea 
of a common origin, as each type is peculiar to the country 
where it is now found. These differences are more striking 
in tropical regions than anywhere else. The rhinoceros of 
the Sunda Islands differs from tliose of Africa, and there is 
none in America. The elephant of Asia differs from that of 
Aftica, and there is none in America. One tapir is found in 
the Sunda Islands, there is none in Africa, but we find 
one in South- America, &c. Everywhere special adaptation, 
particular forma in each continent, an omission of some allied 
type here, when in the next gi'oup it occurs all over the zone. 
As we ascend into the temperat-e zone, we find, however, 
the similarity greatly increased. The difference between the 
species of the same family in temperate Asia, temperate 
Europe, and temperate America is much less than between 
the corresponding animals of the tropical zone, and no doubt 
it is to this great assemblage of more uniform animals, living 
.originally within the main seat of human civilization, that we 
must ascribe the idea of their common origin, which has so 
long prevailed and been so serious an obstacle to a real in- 
light into these natural phenomena. What, indeed, could be 
more natural for man, when for the first time reflecting upon 
nature around him, — when seeing, as far as he could extend 
his investigations, all things alike, —than to imagine that every 
thing arose from a common centre, and spread with him over 
the world, as it has been the fate of the white race, and of 
that only, to extend all over the globe, and that, influenced. 
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by the phenomena of the zone in which he lived ami wander- 
ed, and from which he extended farther, he took it for grant- 
ed that all anitnnlB followed the same laws. But now that 
we know the whole surface of onr globe so satisfactorily, there 
can no longer be a question about the difference between 
animals and plants in the lower latitudes in all continents. 
Besides, we see them equally striking in the aoufchemmost 
extremities of the three great continents, so that there can no 
longer be any doubt about the primitive adaptation of these 
various types to the continents where they live, as we do not 
find a single one naturally difTuaed everywhere over all con- 
tinents. Notwithstanding, therefore, the slighter differences 
wo notice between the animals of different continents in the 
temperate zone, we are thus led step by step to ascribe to 
them also a special origin upon those continents where they 
now occur. 

But as soon as we rise to the highest latitudes, the uni- 
formity becomes so close, that there is no longer any marked 
difference noticcdbetweentheanimals about the arctic regions, 
either in America, Europe, or Asia ; and we are naturally 
led to restrict the idea of a common centre of origin, or at 
least of a narrow circle of primitive development, to those 
animals which spread equally over the icy fields extending 
arouad the northern pole upon the three continents which 
meet in the north. The phenomena of geographical distri- 
bution which we observe there among the terrestrial animals 
are repeated in the same manner among the aquatic ones. 
The fishes in the arctic seas do not materially differ on the 
shores of Europe, Asia, and America, and through the north- 
em Atlantic and through Behring's Straits they extend more 
or less towards the colder temperate zone, ur migrate into it 
at particular seasons of the year, as do moat birds of the 
arctic regions also. But in the temperate zone we begin to 
find more and more marlted differences between the inhabi- 
tants of different continents, and even between those of the 
opposite shores of the same ocean ; aB, for instance, the fishes 
of Europe (some of the northern species excepted) are not 
identical with those of the tempei'ate shores of North America, 
notwithstanding the very open field left for their uniform dis- 



tributjon across the Atlantic. Such is also the case between 
the fishes of Western Africa and tJiose of Central America^ 
and between those of the southern extremities of these conti- 
nents. The fishes of the Indian Ocean, and the fishes of the 
Pacific vary greatly, and, though some families have a wider 
range, there are many which are circumscribed within the 
narrowest limits. It is one of the most striking phemonena 
in the geographical disti-ibution of aquatic animals, to find 
fintire families of fishes completely circumscribed within par- 
ticular groups of islands, such, for instance, as the La- 
bffrinthici, which ai-e peculiar to the Sunda Islands, and the 
family of Goniodonts, which are found only in the rivers of 
South America. 

A similar narrow limitation occurs also among the terres- 
trial animals, as the family of Colubrit is entirely circum- 
acribed within the boundaries of the warmer parts of the 
American continent. The appearance during the warmer 
season of the year of a few species of that family in the 
Northern States, does not make this case less strong. Ex- 
amples might be multiplied without end to shew everywhere 
special adaptation, narrow circumscription, or repi'esentative 
adaptation of species in different parts of the world; but 
those mentioned will be sufficient to sustain the argument 
tliat animals are naturally antochthones wherever they are 
found, and have been so at all geological periods ; that in 
northern regions they are most uniform ; that their diversity 
goes on increasing thi-ough the temperate zone till it reaches 
its maximum in the tropics ; that this diversity is again re- 
duced in the acquatic animals towai-ds the antarctic pole, 
though the physical difference between the southernmost ex- 
tremities of America, Africa, and New Holland, seema to 
have called for an increased difference between their terres- 
trial animals. 

We are thus led to distinguisli special provinces in the 
natural distribution of animals, and wc may adopt the follow- 
ing division as the most natural : First, the arctic province, 
with prevailing uniformity. Second, the temperate zone, with 
at least three distinct zoological provinces — the European 
temperate lone, west of the Ural Mountains, the AHatic tetnt- 
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perate zone east of the Ural MouTitiiins, and the Amerit 
temperate zone, which may be subdivided into two, the eoftern 
and the western — for the animals east and west of the Raclty 
Mountains differ sufficiently to constitute two distinct zoolo- 
gical prorinces. Next, the tropical zone, conttuning the 
African zoological province, which extends over the mwJi part 
of the African continent, including all the country south of 
the Atlas and north of the Cape Colonies; the tropical 
Asiatic province, south of the great Himalayan chain, and 
including the Sunda Islands, whose Fauna has quite a con- 
tinental character, and diflfers entirely from that of the 
Islands of the Pacific, as well as from that of New Holland j 
the American tropical province, including Central America, 
the West Indies, and tropical South America. A'era Holland 
constitutes in itself a special province,. notwithstanding the 
great differences of its northern and southem climate, the 
animals of the whole continent preserving throughout their 
peculiar typical character. But it were a mistake to conceive 
that the Faunw or natural groups of animals are to he 
limited according to the boundaries of the niainland. On the 
contrary we may trace their natural limits into the ocean, 
and refer to the temperate European Fauna the eastern shores 
of the Atlantic, as we refer its western shores to the Ame- 
picap temperate Fauna. Again, the eastern shores of the 
Pacific belong to the western American Fauna, as the western 
Pacific shores belong to the Asiatic Fauna. In the Atlantic 
Ocean there is no purely oceanic Fauna to be distinguished, 
hut in the Pacific we have such a Fauna, entirely marine 
in its main character, though interspread with innumerable 
islands extending east of the Smida Islands and New Holland 
to the western shores of tropical America. The islands west 
of tliis continent seem, indeed, to have very slight relations 
in their zoological character with the western parts of the 
mainland. South of the tropical zone we have the South 
American temperate Fauna, and that of the Cape oj Good 
Hope, as other distinct zoological provinces. Van Diemen'a 
Land, however, does not constitute a zoological province in 
itself, but belongs to the province of New Holland, by its 
zoological character. Pinally, the antarctic circle encloses a 



pecial zoological province, including the antarclie Fauna, 
rhich, in a great measure, corresponds to the arctic Fauna 
Sn its uDiformity, though it difFera from it in having cbiefly a 
maritime character, while the arctic Fauna ha8 an ahnoat 
entirely continental aspect. 

The fact that the principal races of man, in their natural 
distribution, cover the same extent of ground as the great 
zoological provinces, would go far to shew that the differ- 
ences which we notice between them are also primitive ; but 
for the present we shall abstain from further details upon 
a subject involving so difficult problems as the question of 
the unity or plurality of origin of the human family, satisfied 
as we are to have shewn that animals, at least, did not ori- 
ginate from a common centre, nor from single pairs, but 
according to the laws which at present still regulate their 
existence. 



jiddilional Illustrations of the Geographical Distribittion of 
Animals. 

I. — Geographical DistvibutioH of Sturgeons* 

The stui^eona are generally large fieheB, which live at the bottom 
of the water, feeding with their toothless mouths upon decomposed 
organized substances. Their movements are rather sluggish, resem- 
bUog somewhat those of the cod-hfih. 

""heir geographical distribution is quite peculiar, and constitutes 
«ce of their prominent peculiarities. Located as they are, in the 
icolder portions of the temperate zone, they inhabit either the fresh 
waters or the seas exclusively, or alternately both these elements, — 
^remaining during the larger part of the year in the sea, and ascend- 
ing the rivers in the spawning season. Although adapted to the 
cold regions of the temperate, they do not seem to extend into the 
arctic zone, and I am not aware that they have been observed in 
my of the waters of the warmer half of the temperate zone. The 
great basin of salt-water lakes or seas which extends east of the 
Uediterranean, seems to be their principal abode in the Old World, or 
kt least the region in which the greater number of species occur ; 
^nd each species takes a wide range, extending up the Danube and 
ite tributaries, and all the Russian rivers emptving into the Biack 

* Ag&ssis's Lake Superior, p. 361. 
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Soa. From the Caspian they ascend tito Wolga in imraensa sho^i 
and are found furlhor e&st in the lakes of Central Asia, even a 
as the bonlers of China. The great Canadian lakes coastitaR) 
another centre of distribution of these fishes in the New World, 
here the; arc not go numerous, nor do they ever occur in contaot 
with salt water in this basin. 

Northwards, there is another great zone of distribution of ato 
goons, which inhabit all the great northern rivers emptying into tl 
Arctic Sea, in Asia as well as in America. They occur equally ii 
the intervening seas, being found on the shores of Norway c 
Sweden, in the Baltic and North Seas, as well as in the Atlantic 
Ooean, from which they ascend the northern rivers of Germany, a 
well as those of Holland, France, and Great Britain. Even the 
Mediterranean and the Adriatic have their sturgeons, though few iq 
number. There are also some on the Atlantic shores of Nortlf 
America, along the British possessions as well as the northern s 
middle United States. They seem to be exceedingly numerous 
the Northern Pacific, being found everywhere from Behring'H 
Straits and Japan to the northern shores of China, and on the north- 
west coast of America, as far south as the Columbia Biver. Again,, 
the so-called western waters of the United States have their c 
BpeciBs, from the Ohio down to tlio lower portion of the Mississippi, 
but it does not appear that these species ascend the rivers from t^ 
Gulf of Mexico. I suppose them to be rather entirely fluviatile, liko: 
those of the great Canadian lakes. 

Beyond the above limits southwards there are nowhere sturgeons 
to bo found, not oven in the Nile, though emptying into a sea ii 
which they occur ; and as for the great rivers of Southern Aaia ftw 
of tropical Africa, not only the eturgeons, but another family is want 
ing there, — I mean the family of Goniodonts, which in Central ttii 
Southern America takes the place of the sturgeons of the 
Again, all the species in different parts of the world are different. 

It is a most extraordinary fact, which will hereafter throw mncl 
light upon the taws of geographical distribution of animals and theil 
mode of association, vii;., that certain families are entii'ely circum- 
Ecribed within comparatively narrow limits, and that their specif 
location has an unquestionable reference to the location of o ' 
animals ; or, in other words, that natural families, apparently littltf 
related to each other, are confined to different parts of the world, 
but are linked together by some intermediate form, which itself ut 
located in the intermediate track between the two extremes. Xn ths 
case now before us, we have tho sturgeons extending all around the 
world in the northern temperate hemisphere, in its seas as wellae 
its fresh waters, all closely related to each other. Neither in Asia 
nor in Africa is there an aberi'ant form of that type, or any repre 
sentative type in the warmer zones ; but in North America we have 
the genus Seaphirhi/nlms, which occurs iu tho Ohio and Mississippi, 



■ud wliich forms a most natinal link with the family of Gotdodo'ats, 
idl the epecioa of which are con6ned exclDsirely to tho fresh waters of 
Central and Soutb America, The closeness of this connection wOl 
be at once perceived by attempting to compare the species of true 
jSoniccsWfE with the Saaphirhj/iJiun. I hnow very well, that the 
Affinities of Ooniodonts and Siluroids with sturgeons are denied, but 
I BtiU strongly insist upon their close relationship, which I hope to 
eetablisfa satisfactorily in a special paper, as I continued to insist 
Bpon the relation between Bturgeons and gar-pikes, at one time posi- 
tively contradicted aiLd even ridiculed. I trust then to be able to 
'flhew, that the remarkable form of the brains of Siluridts comes 
nearer to that of sturgeons and Lepidostei than to that of any other 
'family of fishes. This being the case, it is obvious that there nrnBt 
Ira in the physical condition of the continent of America some in- 
ducement not yet understood, for adaptations so special and so dif- 
; from what we observe in the Old World, Indeed, such 
nnalogies between tho organized beings almost from one pole to 
another, occur from man down to the plants in America only, among 
'Us native products ; while, in the Old World, plants as well as ani- 
mals have more circumscribed homes, and more closely characterized 
features, in the various continents, at different latitudes. 

As for the species of sturgeons which occur in tho Canadian lakes, 
I know only three froni personal examination, one of which was 
flbtatned in Lake Superior, at Michipicotin, another at the Pic, and 
the third at the Sault; though I know that they occur in all other 
Canadian lakes, yet it remains to he ascertained how the species said 
to ho BO common in Lake Huron, compared with those of Lake 
'Buperiur, and with those in the other great lakes and the St Law- 
'Xenceilself, As for the Atlantic species, ascending the rivers of the 
United States west and south of Capo Cod, I know them to differ 
from those of the lakes, at least from those which I possess from 
I^ake Superior. The number of species of this interesting family 
which occur in the United States is, at all events, far greater than 
vould be supposed from an examination of the pubhshed records. 
^TJpon close compaiison of tlies pecimens in my collection from differ- 
mt parts of tho country, and in different museums, as those of the 
Natural History Society of Boston, of Salem, of the Lyceum ofNew 
Vork, my aasistant, Mr Charles Giran, and myself, have discovered 
Bveral species not described. For this coniparison I was the better 
prepared, as I had an opportunity in former years of studying almost 
hll the European species in a fresh condition, during a prolonged visit 
^^n Vienna. 

,1. — Fishes of Lake Superior compared with those of the other 
great Canadian Lakes. 
Besides the interest there is everywhere in studying the Uvuv^ 
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animals of a new country, there is a particular interest to a natura 
iBt in ascertaining their peculiar geographical distribution, and the 
true affinities with those of other countries. It is only bj followii 
fiueh a course, that we can hope to arrive at any eiact results as i 
their origin. In this respect the fresh-water animals have a peci 
liar interest, as from the element they inhabit, tbej arc placed undi 
exceptional circumstances. 

Marine animals, as well as those inhabiting dry land, seei 
have a boundless opportunity before them to spread over large p 
of the earth's surface, and their locomotive powers would generaJl 
be suCHcient to carry them almost anywhere ; but they do not an 
themselves of the possibility ; notwithstanding their facilities for loo 
motion, they for the most part remain within very narrow limit 
using their liberty rather to keep within certain definite bounds, ' 
tendency of the higher animals especially, to keep within h 
tained limits, is perhaps the strongest evidence that there is 
connection between the external world and the organised beisgi' 
living upon the present surface of our globe. The laws whidi regiw--; 
late these relations, and those of geographical distribution in paMi 
ticular, have already been ascertained to a certain entont, and wil 
receiTe additional evidence from the facts recoi'ded during c 
journey. 

The frash-water animals are placed in somewhatdilferont circu 
stances. Their abode being circumscribed by dry land, within limit 
which are often reduced to a narrow current of water, and beii^ 
further, for the most part, prevented by structural peculiarities fra 
passing from the rivers into the ocean, they are confined withi 
narrower limits than either terrestrial or marine types. Withil 
these limits again they are still further restricted ; die shells ani 
fishes of the head waters of large rivers, for instance, being Goarcel<^ 
ever the same as those of their middle or lower course, few specief; 
extending all over any fresh-water basin from one extreme oS ilB 
boundary to the other ; thus forming at various heights above t' 
level of the sea, isolated groups of fresh-water animals in the mid 
of those which inhabit the dry land. These groups are very similt 
in their circumscription to the islands and coral I'eefs of the ocean 
like them, they are either large or small, isolated and far apart, < 
close together in various modes of association. In every respei 
they form upon the continents, as it were, a counterpart of til 
Archipelagos. 

From their circumscription, these groups of lakes present at oncet 
peculiar feature in the animal kingdom, their inhabitants being eq 
tirely unconnected with any of the other living beings which swam 
around them. What, for instance, is there apparently in commol 
between the fishes of our lakes and rivers, and the quadrupeds wliic( 
inhabit then: shores, or the birds perching on the branches whiol 
oversliadow their waters \ Or what connection is there between t' 
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hermit-like terrestrial aniiualB that live upon the low islands of 
the Pacific and the fishes which play among the corals, or in the 
'B&nd and mud of their shores 1 And nevertheless there is hut one 
plan in the creation ; fresh-water animals under similar latitudes 
uniform as the corresponding vegetation, and however isolated 
«nd apparently unconnected the tropical islands may seem, their in- 
babitants agree in their most important traits. 

The best evidence that in the plan of creation animals are intend- 
ed to be located within circumscribed boundaries, is further derived 
-from their regular migrations. Although the arctic birds wander 
daring winter into temperate countries, and some reach even the 
warmer zones ; although there are many which, from the colder tem- 
perate climates, extend quite into the tropics, there is nevertheless 
one of these species which passes from the northern to the 
southern hemispheres ; not one which does not return at regular 
epochs to the countries whence it came from. And the more miuutelj 
trace this geographical distribution, the more we are impressed 
with the conviction that it must be primitive; that is to say, that 
snimals must have originated where they live, and have remained 
, almost precisely within the same limits ever since they were created, 
Bxoept iu a few cases, where, under the influence of man, those limits 
have been extended over large areas. To express this view still more 
diatinctly, I should say the question to be settled is, whether for in- 
stance the wild animals which live in America originated in this 
ooBtinent, or migrated into it from other parts of the world ; whether 
the black bear was created in the forests of New England and the 
northern states, or whether it is derived fi-om some European bear, 
Ivhich by some means found its way to this continent, and being 
under the influence of a new climate, produced a now race ; whether 
the many peculiar birds of North America which hve in forests 
iposed of trees different from those which occur either in Europe 
or Asia, whether these birds, which themselves are not identical with 
'tiiose of any other country, were or were not created where they 
(Utb i whether the snapping turtle, the alligator, the rattlesnake, 
mid other reptiles which are found only in America, have become 
witinct in the Old World after migrating over the Atlantic, to be 
'jreserved in this continent ; whether the fishes of the great Cana- 
dian lakes made tlieir appearance flrst in those waters, or migrated 
thither from somewhere else? These are questions which such an 
iDC[uiry into the geographical distribution of animals involves ; it is 
the great question of the unity or plurality of creations ; it is not 
the question of the origin of animals from single pairs or in 
large numbers ; and, strange to say, a thorough examination of the 
Hshes of Lake Superior, compared with those of the adjacent waters, 
is likely to throw more light upon such questions, than all traditions, 
lowever ancient, however near in point of time to the epoch of crea- 
* itself. 

In order (o proceed methodically in this ltweBl\gj.\^\i«\, oxit ^vs,\ 



30 Oenffraphieat IHtt rtf Kl t e H ^ jlnimah. 

step must be to examino minutely, whether tbc fishes of Lake 
perior are the eamc as those of other lakes, in this or any othar 
country ; and, if not, how they differ. To satwfy ourselves in this 
i-espeot, wo shall successively cjcamine all the facnilies of fidies^ 
which have representatives in those great fresh-water seas, {Aga*»U 
on Lake Superior, p. 246.) Prafessor Agassiz, after adinir&Ua 
histories of the fishesof Lake Superior, concludes with the followinj 
excellent observations :— * 

III, — General Obiervationi ; all Frefh-uiater Fuhes of North Atne- 
riea different from thoEO of Europe — Lake Superior and the 
Lakes north of it constittite a diilinct Zoological Diatriot — . 
Thege Fiihea tiave heen created where they now live — Deduclioni\ 
from this/act. 

Suck a critical revision of the fishes of Lake Superior, and tl 

other great Canadian lakes, was the first necessary step in the ii 
veatigation I am tracing, in order to aBcertain the natural primitive 
relations between them and the region which they inhabit. Before 
drawing the conclusions which follow directly from these facts, I 
should introduce a similar list of the fishes living in similar latitudes, 
or under similar circumstances, in other parts of the world ; and more 
particularly of the species of Northern Europe. But such a list, to 
be of any use, should be throughout based upon a critical compare-' 
tive investigation of all the species of that continent, which wouId< 
lead to too great a digression. The comparison of the fresh-water' 
fishes of Europe, which correspond to those of North America, haa 
been carried so far, that I feel justified in assuming, what is reallj 
tho fact, that all the species of North America, without a single ex- 
ception, differ from those of Europe, if we limit ourselves strictly to- 
fishes which are exclusively the inhabitants of fresh water. 

I am well aware that the salmon which runs up the riveo^ of 
Northern and Central Europe, also occurs on the eastern shores ol 
the northern part of North America, and runs up the rivers empty- 
ing into the Atlantic. But this Gsh is one of the marine arctic 
fishes, which migrates with many others, annually further south, and' 
which migratory species is common to both continents. Those spe- 
cies, however, which never leave the fresh waters, are, without ex- 
ception, different on the two continents. Again, on each of the 
continents, they differ in various latitudes ; some, however, taking 
a wider range than others in their natural geographical distribution. 

The fresh-water fishes of North America, which form a part of its 
temperate fauna, extend over very considerable ground ; for there is 
no reason to subdivide into distinct faunse the extensive tracts of 
lands between the arctics and the Middle States of the Union. We 
notice over these, considerable uniformity in thecharacter of the fresh- 
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water Gshea. Nevertheless, a miitute investigation of all their spe- 
cies has shewn that Lake Superior proper, and the freah waters 
north of it, conetitute in man; respoctB a special zoologioiil district, 
sufficiently dllTei'ont from that of the lower lakes and the northorn 
United States, to form a natural division in the great fauna of the 
fresh-water fishes of the temperate zone of this continent, 

We have shewn that there are types, occurring in all the lower 
flakes, which never occur in Lake Superior and northwards, and that 
most of the species found in Lake Superior are peculiar to it; tiie 
Salmonidje only taking a wider range, and some of them covering 
lolmost the whole extent of that fauna, while others appear circum- 
iBoribed within very narrow limits. 

Now, such differences in the range which the isolated species take 
D the faunCQ, is a universal character of the distribution of animals ; 
ome species of certain families covering, without distinction, eKten- 
aiva grounds, which are occupied by several species of other families, 
limited to particular districts of the same zone. 

But after making due allowance for such variations, and taking a 
general view of the subject, we arrive, nevertheless, at this conclu- 
sion ; that all the fresh-water fishes of the district under examina- 
tion are peculiar to that district, and occur nowhere else in any other 
part of the world. 

They have their analogues in other continents, but nowhere be- 
yond the limits of the American continent do we find any fishes iden- 
tical with those of the district, the fauna of which we have been re- 
cently surveying. The lamprey eels of the lake district have very 
lose representatives in Europe, but they cannot be identified. The 
turgeons of this continent are neither identical with those of Europe 
oor with those of Asia. The cat-fishes are equally different, We 
find a similar analogy and similar difterences between the perches, 
pickerels, eelpouts, salmons, and carps. In all the families which 
occur throughout the temperate zone, there ore near relatives on the 
two continents, but they do not belong to the same stock. And in 
addition to these, there are also types which are either entirely pe- 
liar to the American continent, such as Leptdoeteus and Fercopsis, 
belong to genera which have not simultaneous representatives in 
e two worlds, and are therefore more or less remote from those 
vkich have such close analogues. The family of Fercoids, for in- 
tsnce, has several genera in Europe, which have no representatives 
n America ; and several genera in America which have no represen- 
Atives in Europe, besides genera which are represented on both con- 
jnents, thoogh by representatives specifically distinct. 

Such facts have an important bearing upon tlie history of crea- 
ioii ; and it would be very unphilosophicol to adhere to any view 
respecting its plan, which would not embrace these facts, and grant 
liem their full meaning. If wo face the fundamental question which 
I at the bottom of this particular distribution of aniniaU, atiiL 'a;^ 
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oorsehcB, where have all these fishes been created, there can be bnVl 
one answer given which will not be in eonfiict and direct contradie<fl 
tion with the facts themselves, nnd the laws that r^nlate aninttd.l 
life. The fishes, and all other fresh-water animals of the region off 
the great lakes, must have heen created where thej Uve. They areS 
circumscribed within boundaries over which ihej cannot pass, aiid tojfl 
which there is no natural access from other quarters. There is naH 
trace of their baring extended further in their geographical distriba- fl 
tion at any former period, nor of their having been limited witbin 1 
narrower boundaries. | 

It cannot he rational to suppose that they were created in some 
other part of the world, and were transferred to thia continent, td J 
die away in the region where they are supposed to have origitutted,^ 
and to multiply in the region where they are found. There is nofl 
reason why we should not take the present evidence tn their digtri-fl 
bution as the natural tact respecting their origin, and that thoy w^l 
and were from the beginning, best suited for the country where thejl 
are now found. I 

Moreover, they bear to the species which inhabit similar region^J 
and live under similar circumstances in Europe and Asia, and thflH 
Pacifio side of this continent, such relations, that they appear to tl^H 
philosophical observer as belonging to a plan which has been carrie^| 
out in its details with reference to the general arrai^ment. Th^l 
species of Eui'ope, Asia, and the Pacidc side of this continent, oat^ 'i 
respond in their general combination to the species of the eastern I 
and northern parts of the American continent, all over which tha ] 
same general types are extended. They correspond to each other on ] 
the whole,*but differ as to species. I 

And again, tliis temperate fauna has such reference to the &nn» ■ 
of the arctic, and to that of the warmer zones, that an^ tranft^ 
position of isolated members of the whole plan would disturb th^| 
harmony whtiJi is evidently maintained throughout the natural dirfl 
tribution of organized beings ail over the world. This intemi^| 
evidence of an intentional arrangement, having direct reference ifl 
the present geographical distribution of the animals, dispersed oTe^| 
the whole surface of our globe, shews most conclusively, that di^H 
have been created where they are now found. Denying this poa^H 
tion were equivalent to denying that the creation has been mitd^l 
according to a wise plan. It were denying to the Creator the inteoS 
tion of estabhshii^ well-regulated natural rt^latiotis between thebein^H 
he has called into existenc^. It were denying him the wisdom whid^| 
is esempUGed in nature, to ascribe it to the creatures themselves,— ^| 
to ascribe it even to those creatures in which we hardly see endenoiH 
of consciousness, or, worse than all, to ascribe this wondertnl order tlH 
physical influence or mere chance. H 

As soon as this general conclusion is granted, there are, howeverS 
some further adaptations which follow as a matter of course. F-ji4J 
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type, being created within the limits of the natural area which it is 
:to inhabit, must have been placed there under circnmstances favour- 
iftble to its pcoservatian and reproduction, and adapted to the fulfil- 
ment of the purposes for which it was created. There are in animals 
peculiar adaptations which are characteristic of their speciea, and 
which cannot be supposed to hare arisen from subordinate influences. 
Those which live in shoals cannot bo supposed to have been created 
in single pairs. Those which are made to be the food of others can- 
not have been created in the same proportions as those which feed 
upon them. Those which are everywhere found in innumerable spe- 
cimens, must have been introduced in numbers capable of maintain- 
ing their normal proportions to those which live isolated, and ana 
Soroparatively and constantly fewer. For we know that this har- 
!iaonj in the numerical proportions between animals is one of the great 
Jaws of nature. The circumstance that species occur within definite 
Emits where no obstacles prevent their wider distribution, leads to 
•he further inference that these limits were assigned to them from 
Bie beginning and so we would come to the final conclusion, that 
the order which prevails throughout the creation is intentional, — 
"hat it is regulated by the limits marked out on the first day of crea- 
ion, — and that it has been maintained unchanged through ages, with 
10 other modifications than those which the higher intellectual powers 
f man enable liim to impose upon some of the few animals more 
closely connected with him, and in reference to those very limited 
■Ganges which he is able to produce artificially upon the surface of 
r globe.* 



On Ae Geography and Geology of the Peninsula of Mount 
Sinai, and the adjacent Countries. By JoilN HOGG, M.A., 
F.R.S,, F.L.S. ; Honorary Secretary of the Royal Geo- 
graphical Society, &c. Communicated by the Author. 

(Oontitaied from page 219.) 

Thia town is named in Scripture Elath or Eloth ; in the 
jeptuagiot &Tka,a, and AAif ; Ai^-As, Ae/XA, or Aila by the 
Sreeks ; jEIana by the Romans ; and Ailah by the Arabians ; 
't i» described in 1 Kings ix. 26, aa " on the shore of the Red 
Sea in the land of Edom ;" and in 2 Chron. yiii. 17, " at the 
•.a-side m the land of Idumea." From Procopius, in the 6th 

* Tbe above view of the geography of aninials appeared pactl; in aa Ameri- 
n {ieriodici>t and parll;^ in Frofeaaor Agosaix'a beautlTul and important work 
lit received) on Luke Superior. 
VOL. XLIX. SO. XCVtl.—JUhY 1850. ti 
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centiu'y, we learn the following exact aceount.* wbicb a 
very well with the site of those mounds — " the eastern lira! 
of Palirstma (including of course that part of the peninstil 
which he elsewhere relatest was called Pakestina Tertia 
reach along the Red Sea. On the shore is placed the tow 
Ailaa, where, the sea ending, it is contracted into a very n 
row bay." 

Edrisi, in the 12th century, terms the steep descent ffoi 
the Desert El Tyh by El Nakb to Akaba— " Akaba Ailah"- 
i.e., the "Bescent of Ailah ;" and Makrisi, in the 14th c 
tury, as cited by Burekhardt (p. 611), speaks of " the AktjA^i 
or Bteep mountain before Aila." Consetjuently, I take it tB( 
be correct that these mounds indicate the former position < 
E(ath,X on the shore of the Sea of Edom or Idumea — ao a 
of the Red Sea, 

At a short distance from them, but westward, a large spi 
like a marsh, seemed to be impregnated with nitre, which i 
left incrusted in some spots upon their surface.^ From benci 
going up the extensive valley El Araba, it is found to be fii 
of sand drifts, with here and there a few trees scattra^ 
about; the torrents, after rain, flow along the west side, an 
their waters, which are not absorded by the sand, enter t 
sea at the north-west angle. The width of this part of i 
"Wadi is near 6 miles, but in advancing farther to the nort 
it becomes wider. The mountains on the east are high — feovK, 
2000 to 2500 feet ; being of granidc, or ratlier porp^riHe 
formation, they are highly picturesque, and have 61161 loft^ 
jagged peaks : but those on the west, \vhich are sandstone aq 
chalk, are lower ; rising to about a level with the desert El Tyl 
they do not exceed 1500, or in places 1800 feet in elevation 



• Pracopii da llaU. Pers., lib. i., cap. 19. 

1 Franop. do .EcKficiii Jualioittni, lib. v„ cap, 8. Tom. ii. Edit. Far. IG6 
X Ailnh wtia in t1i« middJA agvs considered (RuliiDSon, i,, p. SSS.and Lapiit 
Tour, p. 20), BB Elim, th# siiitli staUon of tliB Isrnalitea after tliey passe 
the Itod Baa, But I sppreliand tbat the error very liltely arose from the w 
AiX^IJ. occurring in tlie Alma-^drine MS., (2 Kings ivi. 6; and 2 Ciii 
viii. 17), for Al^di, vibich is used in tlie L\x., in tboss verses. So AiXc^ 
hftd here bean nletnk^n for AiKitft, Klim, the word which is found is Biodas, 
; of the Lxx, 
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Not far from Wadi Ghadyan,* towards the west side, a 
^peat mai'sh-like tract, apparently impregnated with rnVre, 
•exliibits an incrustation on its surface. And the water in 
the spring itself is, according to M. De Bertou, strong of 
aulphur, 

Paaang the opening of Wadi Beianeh, and still ascending, 
the most elevated table-land or small plateau of the Wadi- 
El-Araba is reached at about the line of 30° north latitude, 
and 35" 15' east longitude nearly, which ia very near 500 feet 
}iigher than the level of the Golf of Akaba, according to Herr 
^ckubert. About that point the watershed occui-s ; some of 
Ihe waters of the Araba flow south into the sea. of Akaba, but 
inost are carried off north by the tributaries of the "Wadi-el- 
Jeib into the Dead Sea. 

The same traveller {ScUubed), found the depression of the 
ted of that deep Wadi at about 4 miles south of El Weibeh 
(" hole with water,") to be 91 Paris feet, or 97 English feet 
hdote the level of the Red Sea ; the commencement, or most 
southern limit of that depression taking place at about 15 
-miles northward of Gebel Harun in Wadi- el- Arab a. Conse- 
■ qoeutiy, the Dead Sea, Asphaltic Lake (Bahr hut) — the 
" Sea of Lot" — must lie considerably lower than the level of 
the Gulf of Akaba ; indeed, Herr Schubert gives the level of 
the Dead Sea as being 598 Paris feet, and M. Eussegger 
leven more than 13G0 English feet below that of the Mediter- 



These geographical facts then afibrd, as some authors have 
supposed, sufficient evidence that the River Jordan, although 
Jflking its source at an elevation of 1800 feet in the north 
fiTTian mountains — has not flowed through the entire valley 
■£i Araba mio the Gulf of Akaba; or rather, into the Red Sea, 
'beyoBd what is now the Strait of Tiran. And certainly these 
B are decisive that it tiever has done bo — if the natural 
conformation of this region lias always been the same, as it 
'now exists with regard to depth and height. But against its 
having continued the same, ab initio, up to the present time. 



n could Buppoae tbat thia might afford b trnr.? of EaioQf^abei 
@eo Bib. Ret., vol. i., pp. SSI, 26B. 



nmcfa nwKinable hypothesis, and several remarkable ftppear- 
ancei may be fairiy advanced. 

Of the latter, some are the roleanie pheoomena appareot 
aroood Ihe Dead Sea and El Ghor,* on the north; id the 
basaltic clifTs and creeks nearly opposite the Isle of Knreiyeh; 
the frequent displacements of strata and rocks in many places 
on the north-west side of the Gulf of AJcaba ; the coinridences 
exhibited by the strata in the Isle of Tiran. with those of the 
Arabian and Stn^c shores ; and the Tolcanic remains and 
crater-like bills between them and Sherm on the south. 
Moreover, it may be collected from Scripture, that certain 
chatufUM had a^ioally been effected in the vicinity of the T>ead 
Sea (Gen. xix. 25) ; and that they were caused hy fire (^Tbid. 
xxjv. 28) ; if then, at that period, the southern part of the 
valley of the Jordan, the plain of the Dead Sea, and El Ghor 
had, through igneous, or volcanic, or other agency, sunk much 
betom their former levels, it is possible that a correspondin^f 
eUralion of the land in Jfadi-et-Araha might have taken place 
at tlie flame (or perhaps at another) time, by the same (or by 
a Habscquent similar) agency. 

Again, it seems probable from Scripture, that the Deai 
Sea and Wadi-el-Araba bad been once continued, or more 
connected in their levels ; because in Joshua iii. 16, and xii, 3, 
the former is called " the gea of the plain (even) the Salt Sea ;" 
and in Deut. W. 49, only " the gea of the plain " the original 
Hebrew expression in all three verses is, " Yam ha Arabah ;" 
that is, the Hea of the Araba ; and the Septuagint renders It 
ij i&}Mem ' Aia.Za. "Ha Arabah," in Hebrew, signifies the 
same as El Arabah in Arabic — a " desert-plain," or a " plain." 
So. likewise, we find in Deut. ii. 8, '■ the children of Edom" 
described as dwelling " in Seir, through the way of the Plain-' 
from Elath, and from Eziongaber ;" the Hebrew and Greek' 
words for the plain are here also the same, viz., " Arabah,'*^ 
Consequently, these passages from Scripture, shewing that 
both extremes, north and south, of this great plain or Wadi, 

* Qhor Bignifiea " b long vilify between two moaDtaina." Refer to some of 
thMe voleanie indicationB, p. 122 of Dr Kiito'i " Pbyjical Geography of the Holy 
Ltnd." El Cbor, ou the south of the Dead Sea, ahoundiug In lalt, is most pro- 
b»My " the villti, of mh" montinned in 2 Kings xiv. 7. 
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bore the ««me appellation, prove that it was esteemed one 
entire valley in its whole extent, from the Dead, or Salt Sea, 
■to Elath and Eziongaber on the Red Sea, or ^lanitic Gulf, 
in the land of Edom (1 Kings ix. 26, and 2 Chron. viii. 17.) 
And, indeed, according to Dr E^hertaon, no such diviaion of 
it, as M. De Bertou and some other travellers asaert, into 
'Wadi-el-Akaba, and JFadi-el-Araba,* at this day exists. 

After having attained the highest point, or short tahle- 
land of the Wadi-el-Araba, the descent in fact begins in a 
■direct line nearly due north to the Dead Sea ; it is iu places 
more elevated, rougher, and more sandy than in others ; and 
its width also becomes gi-eater. Gehel-el-Belaneb appears 
lo/dest of the chain on the west; but this is scarcely 
!4wo-thirds as liigh as the east range, Gehel-el-Shera {Mouiil 
■Seir); the former is entirely sterile and arid, whilst the latter 
";8 covered with herbs and occasional trees, and seems to 
iiave a sufficiency of rain. The east Wadis also, which are 
numerous, are filled with trees, shrubs, and flowers ; and 

eir eastern vmH liigher portions, being well cultivated, yield 
^od ci'opa. So Strabo, calling the district " Nabathtea," 
states it abounded in pastures ; ii Na'^arala ToXiarfjos ^tnt ti x^^ 
xaJ /uGoroj ;t and being the country of Esau, it was " of the 
fatness of the earth, and of the dew of heaven from above." 
— Gen. xsvii. 39. 

The range of Mount Seir, Gebel-el-Shera, i.e., the moun- 
tains of a " region" or " tract," under which I have only in- 
cluded those mountains, commencing with Mount Seir it- 
self on the north, and extending to Gebel-el-Ithm on the 
south. On the eastern side is now sandstone, veined with 
cxide of iron ; and those mountains still further to the east, 
forming a part of the Nabathsean chain, are limestone with 
'ints, of the same cretaceous series as that of the Sinaic Pen- 
insula ; they present many varied forms and shapes. 

El Araba, in the approach to Wadi Gbarandel, is more 
covered with shifting sands, broken by innumerable undula- 
tions, and low hills ; into these sands the waters of Wadi 

a. De Beriou't paper in the " Journal of the Eoyal Geographical 80- 
_(3ety," voL ix- p. 282. 

t Sirabo Gcof., vol. i!., lib. 16-33, p. 1103. Edit. Falcontv. 
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Gharandel, wliicli, aceorJing to Burckliardt, have a tul^»^> 
reous tttste, lose themselves. In the ascent of this Wadli 
(Gharandel) towards Gebel Kula, a mountain is climbei 
which is composed of calcareous rocks, satu/g/one and flints, 
lying over each other in horizontal layers. Gebel Kula ia 
covered on its summit, with a chalky surface. But in Wadi 
Dalegheh the mountains are calcareous^ with aotne Jtitil», and 
perfectly bare. 

East of these valleys, and distant about six miles, are Baid 
to be the vestiges of a Koman road, which probably led near 
Usdaka — ^the Ssadeke of Burckbardt — to Petra. Near that 
place ia a hill with some considerable ruins, very possibly 
the remains of what the Peutingerian Table calls Zadagasta}. 
which word seems to have been con-upted into Zadeka, 
Sudaka, or Usdaka. A fine spring, or Ain, is there muck, 
noted. Also, further north five or six miles, at Ain MefraJc, 
some ruins are visible. And the same traveller noticed, 
few miles north of the present picturesque village of Eljy— 
situate a little east of Petra, in a. more fertile spot — the sub-- 
Btructions of walls and paved roads, all constructed of Hints. 
The present road, traversed by the Hadj, or pilgi-ims, from 
Syria to Mecca, passes about five mQes more eastwards, 
through Maan {Maon, Judges x. 12), placed in a rocky dis- 
trict. This town is divided by two hills, on each of whiofe 
stands a portion of it. The fruits, especially pomegranates, 
peaches, apricots, and grapes, are there excellent, and i 
much sought after by the Syrian pilgrims. Burckbardt (p*. 
436J, says here, " are several springa, to which the town owe* 
its origia ,•" and I presume the word itself, Ma'an, is abbr»> 
viated by use from Mayan, signifying a " fountain." 

Fourlhl)/. — " Petra,"' the Greek appellation of the capital 
of the ancieut Nabalkaa, or territory of the Nabathsei, bshX 
the Edam of Scripture, was called in Hebrew, Sela ; botk 
words meaning a " rock," and the first of which gave art 
name to the country — " Arabia retrcea." It is also called 
Joklked, in 2 Kings xiv. 7. Strabo has distinctly recorded 
that "Petra was the capital of the Nabaihwam who weri 
Ic/umwaHS." (Lib. xvi.) The former appellation having been 
bestowed upon this people as descendants of Nebaiothi 



(1 Cliron. i. 29), or Nebajolh (Greii. xxv. 13), who was Abra- 
ham and Hagar'3 grandson, and Isbmael'a first-born son. 
Petra is correctly described by tbo same Greek geographer, 
as well as by the Roman naturalist. The sfaort o^conrit of 
the last I here transcribe : " Nabatsei oppidum indtu/unt 
Pelram nomine in co»vnUe, paulo minus duum mill. pa3suura 
amplitudinia, circumdatum monliliug inaccessis amHe mter- 
fiueate* 1 will not add here any description of the very mag- 
nificent remains of this remarkable city, the city of the liock 
—or rather excavated and carved out of the natural roek — 
whose dwellings are said to have been " in the clefts of the 
rock," (Obadiah 3), since they are now so well known. 

Coming to Petra from Eljy, on the east, the body of the 
regular mountain on that side is limestone, and higher than 
the red sandstone, where the tombs in Wadi Mousa are 
excavated. The cliffs at Petra are of rtd sandstone, which is 
floft and easily cut, causing the sculptnz-ea to decay quickly, 
unless where they may have been protected from the weather. 
This formation extends far to the north and south, and rests 
on the lower masses of porphyry. 

The colour of the sandstone rocks in Wadi Mousa ia not a 
dull monotonous red, but a variety of bright hues, " from the 
deepest crimson,'' as Dr Robinson writes (vol. ii., p- 531), 
" to the softest pink ; verging also sometimes to orange and 
yellow. These varying shades are often distinctly marked by 
waving lines, imparting to the surface of the rock a succes- 
sion of brilliant and changing tints, like the hues of watered 
silk, and adding greatly to the imposing effect of the sculp- 
tured monuments," 

The site of Petra, in the high ravine, is called by the 
Arabs, Wadi Mousa ; most likely corrupted from Moserolft, or 
Mosera (Deut. x. 6), " where Aaron died and was buried." 
It is extremely interesting, and is well watered by a flowing 
stream- — the El S^k of Burckhardt. The sandstone rocks, 
with their craggy and precipitous sides, have their summits 
resembling rounded peaks ; peaks, probably owing to the 
softness of the stone, rounded by the effects of weather. 
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The height of this Wadi is estimated at near 2200 feet aliOT^ 
the adjoining Wadi-el-Araba. To the west of Petra, Mounts 
Hor, Gfebel Uarun constitutes the loftiest point of this sand' 
stone tract. It stands out conspicuously, and is a cone izregu-. 
lariy truncated with three rugged peaks, of which that td 
the NE. is the hiffhesl, and has upon it the Mahommetan 
Wely ; or the tomb of Aaron, called Nef)7/ Haritn. This peak 
rises to ahout 2700 feet above Wadi Mousa, or to 5300 feel 
above the sea. 

Captains Irbj and Mangles, the first Europeans who aEceni 
Gebol Harun, thus describe '' tho viow from the Bummit." It ' 
exti-emelj eztenBive in every direction ; but the eye rests od tew^ 
objeuts which it can clearly distinguish, nnd give a name to, althoagi 
an escellent idea is obtained of the general face and features of thi 
country. The chain of Idunican mountains, which form the western^ 
shore of the Dead Sea, seem to run on to the south, thou^ losti 
considerably in their height. They appear in this point of vie 
barren and desolate. Below ihem is spread out a white sandy plaii^ 
seamed with the beds of occasional torrents, and presenting 
the same features as tlie most desert parts of the Ghor. Where tba 
desert expanse approaches the foot of Mount Hor. there arise ou( 
of it, like islands, several lower peaks and ridges, of n purple colour, 
probably compoEed of the same kind of sandstone as that of Mount 
Hor itself, which, rariegated as it is in its hues, presents in the dii 
tance one uniform mass of dark purple. Towards the Egyptian sida 
there is an expanse of country without features or limit, aud lost in 
the distance. The lofty district which we had quitted in our descent 
to Wadi Mousa, shuts up the prospect on tlie south-east side 
there is no part of the landscape which the eye wanders over with 
more curiosity and delight than the crags of Mount Hor itself, which 
stand up on every side, in the most rugged and fantastic forms, some' 
times strangely piled one on the other, and sometimes as strangelj 
yawning in clefts of a frightful depth." 

Under the term Nabathcuan Chain, or the chain of th< 
mountains of Edom, I have restricted those mountains be- 
ginning north of 30° N. Lat., and which then tend ronnd 
Dorthwai'd, by the east of Petra. They are the loftiest on the 
east, attaining probably to an altitude of 3000 feet above the 
Wadi-el-Araba. This chain presents to the view, on thi 
east, long elevated ranges of Kmeslone, sometimes with fiinta, 
but of more easy slopes, without precipices, being smooth and 
rounded. Further still to the east, tlie high plateau of the 
Great Eastern Desert — of which El Nejd is a portion— 



BtretcIieB out to an almost indefinite extent. To the west and 
north, and aronnd Mount Ilor, lofty party-coloured sandstone 
ridgGB and cliffs prevail ; then succeed high maaaes of por- 
pl^yS^ constituting the body of the mountains, but ^werthan 
the sandstone. And, lastly, more northwards, the chain sinka 
down into low hills of argillaceous rock, or of Umeslom. 

The entire breadtli of the Seir range seems not to exceed 
eighteen English miles, between Wadi-el-Araba and the 
Eastern Deseit ; whilst that of the more northern, or Na- 
bathtean chain, does not exceed twenty-two miles between 
tbose districts. 

Groing west from Petra, the valley of the Araba is again 
entered, where the deeper Wadi-el-Jeib is seen to wind along, 
very near tlie middle of it, fi'om the south, then sweeping off 
NW., it meets the Wadi-el-Jerafah, which comes in from the 
SW. Aftei'wards, it is called only Wadi-el-Jeib; and being 
a deep valley within a larger valley, it forms the chief water- 
course of the greater portion of the Araba, and carries down 
to the Dead Sea, in the wet season, an immense body of 
watei-. 

El Araba, more to the north of Gebel Harun, is much 
wider ; in parts of it there are gravel hilts ; and here and 
there, masses o^ porphyry lie about in the sand, having been 
washed down by the torrents. Eleven or twelve miles north 
of that Mount {Hor\ occurs the pass of Nemela among low 
hilla of limestone, or rather a yellowish argillaceous rock, the 
dark steep mass of the mountain heing porp/iyri/, as before de- 
scribed ; thence the Wadi ascends between the porphyry and 
limestone foi'mations ; and on the top is a little basin of 
tfellom sandstone capping the porphyry. 

Coming back southward through the Wadi-el-Araba, as far 
as the embouchure of the valley of the Jerafah — meaning 
" gullying," — which is about a mile wide, the mountains on 
this west side are found to be composed of chalk and lime- 
atone ; and, in many places, with large pieces of black _^(n/. 

On the north, and to the east of Lnssan, the mountains of 
Idumsa are lofty, consisting of precipitous limestone ranges ; 
the solitary conical mount, about 600 feet above the plain, 
named Gebel Araif-el-Naka — " the oreat q5 a. Aie-ca-Yii^' 
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forms a conspicuous object ; it is calcareous, and strewed witli 
fiints. Low ridges extend irom it westward and eastward j 
the latter terminating in a headland or bluff, called Geb^ 
Makrah. 

The wide sandy Wadi-el-Gkudhagidk — the Gkudfiagkidk of 
Robinson — is probably the Gttdgodah; or, as it is wTitteo io 
Hebrew, Ghud^hodah, mentioned in Dent. x. 7, whither the 
Israelitesjourneyed from Mosera{ If nrfi3/o«sn) after Aaron's 
death. After this valley were some low chalkif cliffs, and 
then succeeded a barren _^(n(j» tract. 

Towards the N\V. and W., a broad open district stretches 
out apparently to GebetJaraf, said to be 1300 feet above the 
sea level, thix)ugh which is the course of the Wadi Elieretr, 
elevated about 1000 feet at its nearest point to that monat, 
and flowing northward into the large Wadi el-Agaba, — upon 
one side, and to Gehei Yelak, the " white mountain," on the 
other side ; but it is broken in some places by limestone or 
chalk hills. 

The Wadi Ghudhagidb, and the more southern tribntariea 
of the Jerafah, flow to the NE, to the Dead Sea, as already 
explained ; and they, with some smaller winter torrents that 
unite with them, are the only water-courses in this part of 
Arabia Petrwa which supply that sea. On the SE. of the 
upper Jerafah, some low limestone ridges present themselves ; 
but, on the other side is the satidi/ plain El Adhheh : beyond 
this, northwards, follows a level plain covered with pebbles 
and black flintg. The liigli West Desert, called by the Arabs 
ElTyb, the " wandering," and so named in Edrisi and Abul- 
feda, near its centre at Nakhl, signifying " date trees" (at 
which station there exists a grove of those trees), at an 
elevation of near 1500 feet above the sea, consists of vast 
plains, or plateaux of varying, mostly higher, altitudes, a 
sandy, flinty, or gravelly soil, and limestone hills of the cre- 
taceous or secondary formation, having very irregular ridges 
disposed in difi'erent directions. 

The numerous Wadia, or water-courses, and winter tor- 
rents of this enormous desert, all run to the N. or NW., and 
pour their waters into the Mediterranean Sea ; while those 
Ifadis that lie on the other side of the Great Mountain range, 
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which bounds the deeevt in its western and southern extre- 
mities — Geliel-el-Rahak and Gehel-el-Tyh — divide their wa- 
* tera, and bo supply, in part, the Gulf of Suex, and in part the 
Golf of Akaba. Of the former Wadis, two are the principal ; 
namely, Wadi-el-Agaba, which rises somewhat to the east of 
the line of34^E. long. ; and Wadl-el-Arish^ which Rush egger 
and latei' authors affirm as springing to the west of it, and 
of Gtbelg Heiyalah, Yelak, and Mishea, and of which Wadi 
NmU seems to me to be only a tributary. 

Tlie chain called Gebel-el-Egme},, or Ei Odjme by Burck- 
hardt, appears, as he says, chalky ; and such, also, is the soil 
of the plain, and frequently covered with black pebbles 
(Jlinlt); it unites with the higher chain of the Gebel-el-Tyh, 
about the centre of the Peninsula, — ^that is to say, of the 
Peninsular Triangle, and where tlie branches North-el-Tyh 
and South-el-Tyh separate. There the height of the sum- 
mit of El Tifk is given by RiiSHegger aa 4322 Paris feet, or 
4615 English feet, above the sea ; descending thence by the 
pass of Mureikhi, into the sandy plain of Delhet-el-Ramleh, 
tie elevation of that plateau, just about the middle of it, and 
about half way to the head of Worfi-eZ-SAej'AA, is near 4000 
feet above the sea level ; Alahodar being a little to the east. 

In the "Wadi £/ Sheikh, meaning the " Valley of the Elder," 
or " Chief," which is one of the principal valleys in the Pen- 
insula, before coming to " Moses' seat" {^Mokad Seidtia Mouaa), 
occurs a range of low hills of a substance called Tnffal, chiefly 
a deh'itus of the felspar of granite, like pipe clay. The easiest 
approach to the present Sinaic district is by the east side of 
this Wadi, which leads into the wider Wadi, or plain El 
Baha, i. e., a " plain surrounded by hills." The view of 
Gehels El Deir (" The Convent"), the now-termed Horeb, 
Sumer (red), and others, from thence is very striking. The 
lower granitic mountains of the present Sinai are more re- 
gularly shaped than the upper ; being less rugged, they have 
wo insulated peaks; and their summits terminate in smooth 
curves. Whilst in the ascent to the higher mountains, joeaia 
on peaks arise, of the form of sharp cones, and of various 
altitudes. Gebel Maitsa, or " Moses' Mount," is of redgranile 
for about half-way up ; all the rest being a ijetlOToish gro.ml«> 
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with small Hack grains, and from Wadi Leja (" asylum"), 
tliese colours appear most distinct. The height of the apex 
of G. Moitsa peak, which does not exceed fifty yards in width, 
was ascertained by Lieutenant Wellsted, from the mean of 
observations, to be 7505 feet above the sea of Akaba; and 
that late, able, and lamented of&cer, who was upon that sum- 
mit in January, and " enjoyed the advantage of a clear 
serene atmosphere," which, in a more advanced season of 
the year, would have been hazy, with a blue mist, arising 
from the powerful sun, " was thereby enabled, by means of 
angles taken to the hills on the Arabian coast, ninety miles 
distant, to correctly fix the geographical position of the 
mountain." He has also well described the most extensive 
view from that peak, as follows : — 

"The Gulfs of Suez and Akaba are diiitinctlj visible; from the 
dark-blue waters of the latter, the island of TVran, considered by the 
ancient geographers as sacred to IsU,* rears itself. Mount Agrib 

SGarib), on the other hand, points out * the land of bondage.' Be- 
are nie is St Catherine, its bare, conical peak now capped with snow. 
In magnificence and striking effect, few parts of the world can sur- 
pass the wOd, naked scenery everywhere met with in the mountain- 
chain which girds the sea-coast of Arabia.'^ The 

monkish " Mount Sinai itself, and the hills which compose the dis- 
trict in its immediate vicinity, rise in sharp, isolated, conical peaks. 
From their steep and shattered sides huge masses have been splin- 
tered, leaving fissures rather than valleys between their remaining 
portions. These form the highest part of the range of mountains 
that spread out over the Peninsula, and are verj generally, in the 
winter months, covered with snow, the melting of which occasions 
the torrents which everywhere devastate the plains below. Tbe ps- 
ouliarities of its contra/ formation, render this district yet more dis* 
tinot from the adjoining heights that appear in successive ridges be- 
yond it, while the valleys which intersect them are so narrow that 
few can be perceived. Ko villages and castles, as in Europe, here 
animate tbe picture ; no forests, lakes, or falls of water, break the 
silence and monotony of the scene. All has the appoaranoe of a 



* /lii is eupposcd to lie the 9Bine as /u, and the island of Tiran is evidenUj, 
u I hdve already stated in a preceding note, that which Pfocopius namea 
'I(ii»C», lolabe. This word is probftblj derived from 'loStri iCaraj — thedlruw. 
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either grey, darkJy-brown, or wholly 



And Dr Lepsius remarks on this mountain, that — 
"Although it is certainly a high mountain, stLUit is asemndart/one, 
and almost eclipsed by others of the Grent Southern Chain, the 
geographical centre of which is neither in Gebd Mousa, nor the 
loftier Gebel Katherin, but in the more southern, and considerably 
more elevated Gebel-um-Scltomar" 

Gebel Katherin, composed principally of a coarse red granite, 
presents the same conical peaks. But in "Wadi Qivasz, S. 
by W., from the last mountain, Burckhardt noticed "a 
email chain of white and red sandstone hills in the midst of 
gr anile." 

Gebel-um-Schomar (" Mount Mother ScAomar"), also con- 
sists chiefly of granite ; the lower part red, but the top is al- 
most tehile. In its middle, between the granite, occur broad 
layers of brittle Uack slate, mixed with veins of quarts and 
felspar, and with micaceous schisl. Its extreme peak, about 
8800 feet above the sea, is sharp pointed, and seems to be 
inaccessible, owing to its perpendicular and smooth sides. 
Btirckhai'dt, in his attempt to ascend it, was obliged to halt 
at about 200 feet below it. This was, until recently, esteemed 
the highest point in the Peninsula ; but, according to Herr 
Russegger, two or three other peaks, to the south of it, are 
about 500 feet more lofty ; the extreme elevation of this last 
group, which seema not to bear any distinct appellation, he 
estimates at 9300 English feet. 

I here add, after the latter author, a sketch of the granite 
peaks of the high Modern-Sinaic mountains, from north to 
south, as they present so interesting and remarkable an ap- 
pearance. 
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In the narrow valley, a little south of Gebel Mohala. which 
18 all granite, on the east aide of, or opposite to. the Schomar, 
is a spring named Tahakat, wliere beautiful porphyry is ob- 
served. 

The south side of Mount Schomar is very abrupt, and there 
ia no secondary chain between it and tlie other lofty soutbem 
raoiintains, and the long gravelly plain El Kaa. 

From that plain, entering Wadi Hebron — a ravine about 
100 yards wide — fragments of rocks, principally of granite and 
porphyry washed down by torrents, are frequent ; a small 
stream is seen flowingamongthem; in spots, some date trees 
occur, and likewise the manna — producing tamarisk. Continu- 
ing to ascend, a moderately- steep pass is reached ; after- 
wards, a descent of about 700 feet leads into the sandy Wadi 
Sola/ " wine valley ;" and then, gaining, vrith some dififlcalty, 
the summit of a steeper pass, the north-west angle of the 
extensive Wadi Ra/ia is come to. Here, again, the present 
Sinaic group, beyond the plain, exhibits its ru^ed moimtains 
of dark granite, with " stem, naked, splintered peaks, and 
ridges of indescribable grandeur." 

Next, turning to the north'down the narrow declivity 
called Nakb Hami, the "windy pass," of which the stupend- 
ous ^raiMfc walls or cliffs elevate themselves to about 800 
feet, passing to the west end of Wadi Sola/, where it meets 
Wndi Firan and IFadi-el-Shetkh, and following the last valley 
as far as El Ssaleili, that ascent is attained. There the for- 
mation consists oi granite, on the upper beds of which run 
layers of red felspar. North-east of IPadi-el- Uah is situate 
Gebel Sheyger, which affords some native cinnabar. The 
three principal passes leading from the sandy Debbet-el- 
Ramleh on to the great desert over the Tyh range, are, 
El Mureikhi near the centre and near Gehel-el-Egmeh ; then 
El Wargah, said to be of too rapid an ascent for caravans ; 
and the third, which is moat to the west. El Rakineh (the 
painted.) Afterwards, at some distance to the NW., is the 
valley opening past Jiaii Wadi Gharandel, that has already 
been described. 

Proceeding, again, across the plain El Bamleh, and over 
the pass Mureikhi on to the Desert-el- Tyh, in the approach 
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io the caatle of Nakhl, on the east, & few miles off, low 
ehaiky hUla appeared ; and in places there were holes where- 
in roeksall had been dug. The watei' at Nakhl la brackish, 
and the ground chalky, covered with loose pebbles. Wadi 
l^esil was observed to be overgrown with green shrubs. 
Gebel-el- Thttffliar, signifying '* the moutha," presents a moun- 
tamouB tx-act, in which followed a valley with calcareous hills ; 
here deep sands were lodged, and large insulated rocks of a 
porous tu/a, called by Eurckhai-dt tufivacke, lie scattered in 
many places. 

" The termination of the vast gravelly plain we had been crossing 
from Nakhl was now at hand ; but we could yet see it spreading 
out wide to our left, the mirage giving its distant portions the ap' 
pearance of a succession of lilue lakes ; directly in front were the 
mountains which close it in ; and far to the right we could see, 
stretching away, a still higher range running to the north, and on 
the left the tops of the mountains about Wadi Gharandel, the Taset 
(oup) Soddur being conspicuous afar. We entered these mountains 
by a slight ascent, which struck soon after the head of a long wind- 
ing valley descending towards Suez : the immense plain we had 
traversed, floated away in mist, and we had now done with the pla- 
teau of the Great Desert." * 

Thence a plain, which is below the level of the Desert- 
el-Tyh, and covered with moving sands, extends as far as the 
Bea-shore, These sands are collected by the winds, in many 
apots, into hills 30 or 40 feet high. The wells at Mabuk afford 
good water by digging to the depth of 10 or 12 feet. 

Ft/thli/, Once more leaving Suez ; after having passed over 
a small piece of marine and alluvial formation near the sea, 
and taking a westerly direction, a narrow tract of tertiarg 
sandstone, so designated by Russegger, is observed ; it is a 
plaia wliich gradually ascends from the shore of the Gulf, and 
in it is placed the Castle of AJroud ; the water obtained there 
is very bitter. Beyond this to the west, the plain beeomee 
tamiff, and covered with black flints. 

But the soil and hills at Wadi Emsliash, which signify the 
"Valley of the Waterpits," near Ajroud, are calcareous: 



* BarlUtCt " Forty Dajs iu tho DaiBVt," T. 161 . 
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tlie well there, called Bir Emskmh, yields after rain good 
drinking water. The hills around Ajroud consist of tertiary 
limetlone and marl. More to the south, Gebel Ataka dividea 
this formation, itself being a gecondary limestone belonging 
to the crelaceoun series, and, according to Dr Robinson, is 
strewed thickly with /in/ pebbles. It terminates in Bas 
Alaka, or " Cape Deliverance," on the Gnlf. The sandy and 
gravelly plain, El Baidea, the Wadi Taitarik of others, has 
been named by some, the " Valley of Moses," "Wadi Mousa ; 
it coiumunicatea on the west with Wadi-el-Tjf/i. 

Qebel DetaJ (ateps^ is limestone of the same cretaceona 
Beries as Mount Ataka; and this formation stretches out 
soathwards to a great distance, constituting a large portitm 
of the East Egyptian Desert. 

Then on the south of ttie former monntain, a band of 
granite, which forma the northern ridge of GeM KaOala, is 
observed, wherein there exist remans of old copper oiineB. 
Tliose callwl Beigalamerih, situate among low hills, " have 
evidently been worked by the ancients, as well from the quao' 
tity of pottery and seorite there, as from the remains of 
miners' houses, and the regular tnanner in which the caverns 
have been cut, following up the veins."* 

Near, on the SE,, there is a well (&>) named Morreh, 
whose water is bad, owing to the tvlpkur which it contains. 
This is placed in irarfi Araba, an extensive valley, runningin 
a direction nearly due W. and E.. and descending from Wadi 
CMaderat very rapidly to the shore of the gulf, which is here 
termed by the A rabs Mersa Za/raneH. i. e., " Harbour of Saf- 
fron." The coast itself is flat and marshy. The headlanda 
on the south are a conglomerate, or breeeia rock, of the Ter- 
tiary formation, composed of shells, stones, and other sab- 
stances, held together by a calcareous cement. The Arabs 
report, that a carriage-road anciently existed through the 
Wadi Araba, and ted to the Bay of Zafraneh. This, I eoD- 
oeire, might have been the road of coumtuuication to tiie 



'MrJ. mZUiuH on the Eu*en Dtwrt of Uppw Sgjft, p. 3^ ToL IL 
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Egyptian colonies and copper mines on the opposite Sinaic 
peninsula, in Wadi Maghara, Sarbut-el-Chadem, &c., and over 
which the produce of thdse mines, having been shipped from 
the harbour of Zelime to the Mersa Zafraneh, might have 
been conveyed in waggons to the Nile, But, whether or not 
the Araha mountains that rise a little to the south of tlie 
opposite coast of the Peninsula had received the tame appella- 
tion from this valley., there seems to be no testimony to 
decide. The " Monastery of St Antony" — Deir Antonios — 
distant about 17 miles from the sea, is a fortified convent of 
Copts, surrounded by a strong wall, of about 35 feet in height, 
the entrance to which is by a trap-door, wherefi'om a rope 
descends, as in the present Sinaic convent. The keep, or 
place of safety, is an insulated tower, defended by a draw- 
bridge. According to common statement, this was the abode 
and place of burial of St Antony, the founder of Monachism. 
The mountains to the south, at the northern end of which 
stands the convent, are calcareous (of the same cretaceout 
formation), containing in places a great deal of salt. They 
are known to the Arabs by the term of Gebel Kaltata, and, in 
fact, constitute the southern ridge of that chain. Another 
large and similarly protected convent, called Deir Boloe 
(Paul), distant from the former* about 16 miles in a direct 
SE. line, is situate in a picturesque place, and about 
10 miles from the nearest point of the Gulf of Suez. 
An adjoining garden abounds in date and other fruit-trees. 
On the east, between this convent and the sea, Wadi Gir/eA 
is approached, among low hills : on the tops of some of 
these the substructions of houses are visible, having been 
built with uncemented stones. Also some chambers, or 
catacombs, are cut in the rock : in the larger were found 
crystals of rock-salt; the strata are composed of limestone, 
and contain many fossils. Broken pieces of terra cotta vases, 
chieSy red, are everywhere observed; and they, with other 
vestiges, probably point out the site of a Roman colonial 
itown. 



• See the Views of the CoDventa of 6t Puul and St Anthony, plate 51, p. I 
Up. vi., book ii., vol. 1., In Foeoele'i " DeBorljition of the East." 
VOL. XLIX. NO. XCVII. — JULY 1850. D 



50 John Hogg, Esq.. on the Geography antt 

Procoeding from St Paul's to the SE., for near 15 mOeB> 
the line of the primitive iiiuuntaina is reatJied on the left, 
whilst the seeondarj/ chain of Gebel KalUla. consisting of 
limestone with aminonitos, is continued on the right, or west. 
South of Wadt Dthahal micaceous achitl a.^pvoa-chm^in sneiit 
occurs, and n Itttlo further, the primitive and aantfgione, or 
gritstone rocks join. Thence the secondai'y, oi' cretaceous 
mountains, diverging to the south and south-west, gradually 
decrease in altitude. 

Again, southwards, some more ambient copper-works are 
noticed ; and then, Gebel HotvasAia, whose fonnation 
granite, rises a few miles off to the SE. ; in its natural basin 
much good water is retained after rain. Wadi Abu Hadth 
next attracts attention from its possessing a good deal of 
fine herbage, and many gum-arabic trees. Of the granite 
mountains in this region, Gebel Agrib, or Garib, or Gharib 
(" camel's hump ") is the loftiest, as it elevates itself to 
about GOOO feet above the sea level ; and from its position it 
forms a conspicuous landmark far out at aea. 

The ascent of this majestic mountain, from its steepness 
and numerous ravines, is found to be fatiguing. Mr J. Wil- 
kinson* describes it as follows : — 

" The firet evening we reached the base of tho highest cone, 
where we slept, and asoarded iho next morning to the summit, from 
which wo had a view of the mountainB on either side of the sea, and 
the different plains. We tracked tho gazelles vurj nearly to tha 
summit, and every now and then in the ravines found some sohtary 
plants growing under the bhade of a projecting stone. Tho peats of 
this mountain resemble tho Aiguillen near Slount Blano ; but, to 
equal that mountain in beauty, it requires the lower parts to be 
covered with the woods and verdure of the Alps, and the desert plain 
below to be exchanged for the green meadows of Switzerland I 
calculate the height to be 5613 feet above tho ravine in the plain 
below, which is a few hundrud feet above the level of the sea," 

About ten miles southward. Bir-el-Dara — the ""Well of 
Dara," below the mountain of that name, occurs ; there, like- 
wise, copper Bcoriw, smelting furnaces, and miners' houses, 
are observed. 
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Further south, more copper mines are seen in a bare place, 
among low hills, aJl of which have been examined for the 

■e. 

Advancing south-eastwardi by the plain, some calcareous 
rocks are passed, and afterwards a line of sdncfsione* with 
limestone over it, running paa^llel to, and nearly equidistant 
between the l/tto primitive ridges. Wadi-el-Enned succeeds 
to the eastward, where a beautifully clear rivulet is found ; 
but its water is too bad for the use of animals, beLag chiefly 
serviceable for the nooi'ishment of numerous data palma. 
This spot lies at the foot of some limeslonB hills of the creta- 
ceous aeries that join the eastern granitic ridge. 

Next, on tiie south, comes GeM Kuffra, where the water 

so salt as only to be drunk by camels. Qebel BocAan, 
(smoke) — the " Mons Porphyrites" of the ancients — rising 
About eleven miles more southward, and in the same line with 
the supposed site of J/yos ^orffjMs, Muhs'Os/io;, the "mouse 
harbour," is too distant fi'om our proposed limits, to receive 
a full description in the present Memoir. I will only remark 
that at Mount Doclian, there exist some interesting ruins, and 

those vast quarries, from which Rome took so many superb 
pieces o( porphyry, to adorn her baths and porticoes."t On its 
Boutheru side, Mr J. Wilkinson adds, " we met with some 
JBreccia Verde ; and of other kinds of Breccia we had observ- 
ed great quantities and varieties at Dochan." The sea-shore, 
About Myos Hormus, is bare and deserted ; to the west, at 
'Sorae distance from the harbour, the granitic chain extends ; 
'on the east, between it and the sea, a low ridge of limestone 
Itills, which unites with the primitive rocks on the north, 
oomes down towards the shore. " And, in the distance, on 
.the north, is seen the mountain H Zeit, so called from the 
quantity of petroleum found there ; whence project two small 



J. WilklnEDn (ibid, Note, p, 41). sa,ja, " Judging from tho anglo of its 
rormerlj rose vmr the lower, or eastern primitlTO range, horn which, 
however, it is mw separated by a vnlley, or bed nf n torrent." 

t Itid, p. 43. — Pliny writes nf the ^iarri«'. " quantislibet molibus uedonilia 
ifficiunt Lapidicinis." Iiib. 3G, cap. 7, They produced rid porphyry of B. 
btau&fttl, doae-groiiied kind; >o PUny Bays, " rubcl porplivnua m«&&Bia. 
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headlands, forming two golfs, at the entrance of which are 
many long sandbanks. May not this be the * mans Eos* of 
Pliny ?"♦ 

This Gebel ZeU, or " Momit of Oil," runs out into a pro- 
montory on one side of the Strait of Jabal ; at its foot a 
copious supply of Petroleum, or rock oil, is obtained. It is 
about as liquid as turpentine, of a black or dark-brown 
colour, and is collected by the Greek Christians of Tur, who 
take it there and sell it, for rheumatism and for healing 
sores. The Arabs call it Zeit-el-Gehel — " oil of the moun- 
tain." 

South of this promontory the sea is studded with a num- 
ber of small islands, some of which are described by Strabo ; 
all, however, I believe, except Shadwan, which is of second- 
ary limestone, are of recent marine formation— chiefly of 
Coral. 

(Conclusion in our next Nunther.) 
* Ibid., p. 61. 
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Form, Ifc. of Instruments. ^^^^^^ 

The Barometer (the frame of which is brass) is a standard made 
by fiarrow, uuder the direction of James Glaiahor, Esq., of the Green- 
wich Observatory. 

The adjustment for the difference of capacity of tube and cistern 
is effected previous to every observation, and the correction for capil' 
laritj and reduction to the temperature of 32° is made at ihe close 
of each month. 

The diflerence between its readings and those of the Greenwich 
standard is scarcely appreciable, being only 0'1)02 inch. 

The Dry and Wet Bulb Tliermo meters, also made by Barrow, are 
considered to have identical ri^dings under similar circumstanceB, 
and both, too, agree with the Greenwich standard thermometer. The 
Dew-point apparatus, now discontinued, approitimates very closely in 
its readings to the dry and wet bulb thermometers. 

The Self- registering Theimometer is a large Six made by DoUond' 
in 1840, and its average difference from the standard is within ^tbs 
of a degree. A duplicate and precisely similar therniometer (which 
has also been repeatedly compared with a standard at every part of 
the scale) Is fixed by its side, go that in case of No. 1 getting out 
of order, No. 2 can be resorted to without detriaient to the results. 

These instruments all have a northern aspect, and are placed 
about 4 feet above the ground. The nated thermometers employed 
for indicating the relative amount of solar and terrestrial radiation, 
are precisely similar to those in use at the Government Obaerra- 
tories. 

The Rain and Evaporation Gauges are 8 inches in diauieter, 
the metres are graduated to the ja^iijth part of an inch. Both 
read off daily. The aperture of the rain-gauge is about 7 feet abovs 
the ground. The evapoi-ation dish it; mounts on a moveable stand,. 
4 feet 4 inches in height, and the circular shelf on which the vessa' 
rests, is just lai^e enough to hold it. The gauge receives a fail 
proportion of wind and sunshine, and is always exposed in the opei 
air during the day, except when ram is fulling. At night and in 
wet weather, it is placed under a capacious shed, Q feet in height, 
and open in front. Thus, it is conceived that the evaporating sur- 
face is freely acted upon by all the circumstances concerned in pro^ 
moting this important natural process. 

The direction of the wind is taken twice daily, and its force IK 
registered on an arbitrary scale from to 6 ; the highest number ii 
reserved for stornis appi'oaching the hurricane in violence, and 
very rarely recorded. 

Romarks cm the Weather in 1849. 
January. — A damp wet month, except the first week, when sharp: 



prevailed. The mean temperature is O^^eS above the average. 
On the night between the 2d and 3d, a naked thermometer on the 
fell to 4", and one on raw wool to 2°'8 below zero, being the 
owest temperature I have recorded. The radiation indicated by raw 
was 2I°'5. Between one and twu o'clock on the morning of 
the 10th, a terrific thunder-storm burst suddenly over the town, and 
spread great alarm amongst the slumbering inhabitants. 8o?on or 
eight dazzling discharges of the electric fluid, followed by deafening 
crashes, succeeded each other in about as many minutes. The storm 
almost vertical ; and between several of the flashes and the ac- 
companying thunder, there was scarcely an appreciable interval, 
certainly not mora than a single second of time. The war of the 
elements ceased as suddenly as it commenced, and altogether, the 
storm did not last more than ten minutes. The wind, which pre- 
viously blew a heavy gale, lulled almost to a calm as the last peal 
died avfay. The storm was followed by a heavy fall of rain and 
bail. It appears to have been pretty umch confined to thin town 
and neighbourhood. Thunder was also heard on the evening of the 
14th, and lightning was seen on the nights of the 21st, 26th, and 
29tb. Saturn's ring was perceived at this Observatory on the night 
of the 31st, after a long continuance of damp, wet weather. Aa 
this singular appendage was readily seen, and was well and sharply 
defined, I have uo doubt the instrument would have shewn it ten or 
fourteen days earlier, had the nights been at all favourable. The 
ring was also seen on tbonight of the 11th of September 1848, dur- 
ing its temporary reappearaoce. 

February. — A fine, dry, and mild month. The temperature 
3''"49 above the average of twolve years. On the 11th, the baro- 
meter attained the remarkably high point of 30'82 at this Observa- 
tory, which is about 90 feet above the sea level. At the Royal 
ObBervatory, Greenwich (40 feet above sea), the maximum was 
3()'85, being greater than any reading since January 1825, when 
the barometer at the Royal Society's apartments attained to 30'841, 
at 81 feet above the sea level; and thei-e is no other instance re- 
corded in the Philosophical Transactions of a reading so high as 30-8, 
from the commencement of the series in 1774. The maxima of pres- 
sure recorded on the 11th in various parts of the country, were all 
found to give a reading of 30-90 at the mean sea level. 

On the 18th, primroses were in flower on the cliffs between Fan- 
ton and Harrington. 

Mareh. — Similar to February. Temperature 2''-29 above the 
average, and the complement of the dew-point 2°-40 beiow the mean 
of the two preceding years. 

First Quarter, — The temperature of the first quarter of 1849 is 
2''-16 above the average of twelve years, and tlie complement of the 
, dew-point is l°-52 below that of the corresponding quarter in the ua- 
haallby years 1847 and 1848. 
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The average fall of rain is 1 1-593 inches ; in 1819, we have liad 
8-665, or 3*02 inches below the usual qunniity. 

The deaths in the quarter ending March 31, in the town and 
suburb of Preston Quarter, are 168, being 16 above tins corrected 
quarterly average, which is 152. In the corresponding quarters of 
1848 and 1849, tlio deaths were 250 and 187 respectively. 

The deaths exceed the births by 25 in number. 

jipril. — A fine, dry, but cold month. The temperature l^'SS 
below tho average. On the 23d the cuckoo was heard, and on the 
following day the swallow was seea in this neighbourhood. On Good 
Friday, the 6th, two parhelia, accompanied by a halo, were seen 
by a friend who was fishing by the river Calder. The sky was 
covered with a thin ciiro -stratus, so that the images did not present 
any defined outline or disc, but consisted of three circular patches of 
light of nearly equal intensity, so much so, that it was difficult to 
distinguish the real from the phantom suns. Tho phenomena 
were fli-st noticed about 6 p.m., and they remained visible till near 
six. The ring or halo passed through tho centres of the parhelia, 
one of which was to the left, and the other to the right of the sun, 
with which they formed a straight line. 

Ma^. — A fine mojith, with an average moan temperature. The 
sun shone out on 29 days. The depth of rain is about on inch 
above the average quantity. 

Jime. — A very dry month, and by far the coldest June I have 
recorded in the last seventeen years. Tho mean temperature is no 
less than S'^6^ below the average. The hay harvest began in this 
neighbourhood about the 20th, 

The thermometer on the grass, on raw wool, was below the freez- 
ing point on eight nights ; on the nights of the 8th and lOlh it fell 
to 2T6, and on that of the 19th and 20th, to 25°, On several 
mornings ice was seen in the immediate vicinity of the town, and on 
the 3d of the month there was a somewhat heavy tall of snowaniongst 
the mountains. Ilighbell, Kentmere, High Street, and the moun- 
tains around Mardale, were covered with the mantle of winter to tfas 
depth of 6 inches. Such an incident has not occurred, it is said, 
since 1827, when several sheep were lost and smothered in snow- 
drifts on Mosedale and HelvcUyn ; and Skiddaw was covered with 
snow. Both snow and hail are recorded on the 10th in the register 
kept for me at Bassenthwaite Halls, at the foot of Skiddaw. 

What is most remarkable, this unusual coldness does not appear 
to have been osporienced at all in the southern counties of England, 
At Greenwich, tlie temperature is stated to be of the same value aa 
that of the average from 70 years, but less than that of the preced- 
ing eight years, by I'-d. According to Mr Glaisher's tables, pub- 
lished in the Registrar -General's Report for the June quarter, the 
mean temperature in Cornwall and Devonshire exceeds that of the 
esponding month in 1847, by 0°-7, and south of lat. 52°, it is in 



excess i»„tbs gf a degree. Between the panJlula 52° and 53°, tho 
temperature h V'2 bdow that of June 1847 ; between 63" and 64°, 
it is a"'!, and at Whitehaven, in lat. 64^°, it is 2''-7 below that of 
June 1847. 

The extraordinary depresaion in the temperature has therefore 
been Unparticipated in, bj places situated aoutli of the parallel 
of 53°. 

Second Quahter. — Tlie mean temperature of the ijuarter end- 
ing June 30, is 1°'92 below the average of twelve preceding 
years ; and the difference between the air and dew-point tempera- 
tures is 1 '32 above that of the corresponding quarter in the years 
1847 and 1848. 

The average fall of rain is 8'15 inches ; in tho second quarter of 
1849, tho fall is 5-74 inches, or 2'40 inches under the normal 
quantity. 

Tho deaths in the town and suburb are 139, being 21 above the 
corrected average number, which is 117. In the June quarters of 
1847 and 1848 the deaths were 177 and 147 respectively. The 
births exceed the deaths by 59. 

July. — Cold and wet. Temperature 1°'82 hdow the average. 
The hay harvest began in this neighbourhood about the 20tli June; 
meadow hay was rather light on the ground, but the crop generally 
was well secured. 

August. — Average temperature and depth of rain, with a serene 
and stagnant atmosphere. The complement of the dew point is 
1°"78 helow the average of the month in the two preceding years. 

September. — A fine, mild, and rather dry month, with serene 
atmosphere. At the close of tho month, several of the public foun- 
tains were dry, and most of the pumps in the town had ceased to 
yield their supplies. 

Third Qdabter. — The temperature of the quarter ending Sep- 
tember 30th is 0°'37 below tho average, and the complement of the 
dew-point, as compared with the two previous years, is 0°'5 below 
the mean. The depth of rain is 0'36 inch under the average 
quantity, which is 12-42 inches. The deaths in the third quarter 
of 1849, in the town and suburb, are 168, or 47 above the corrected 
average number ; and, except in 1846, a greater number than has 
Occurred in any September quarter since the register was begun in 
1839. In the September quarter of the last four years, the deaths 
areas under: 1846, 265; 1847, 148; 1848, 142; and 1849. 
168. The births exceed the deaths by six in number. During this 
quarter we had a few cases of Asiatic cholera in this town, chiefly in 
the month of September ; and at the adjacent seaport of Workington 
the disease was of a most malignant character, and exceedingly fatal. 
The total number of deaths from the commencement of the epidemic 
'on tte 13th of August, till it entirely ceased on the 6th of Novem- 
ber, was 173. In 1841, the population was 6Ql\,'»(\i\Ai^-'c«. ». 
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one death in every 35 persons, from 
3ved that the poptilalion of Workington 
has decreased Bince the last census waa taken ; and at the time iha 
epidemic was raging, most of thu respectable inhabitants bad lefttbe 
place ; no tliat the ratio of mortality amongst tLo then residents 
must have been considei'ably greater than is here stated. A singalar 
fact. connected with tLc disease is its sudden cessation for several 
6&JH, at the expiration of which it returns with increased virulence. 
In the week between the 26th and 31st of August, tLe deaths were 
66; from the SleC August to the 8th September there were none; 
on the eth, 12 ; 9th and 10th, none ; on the 1 Itli, 13 ; and on the 
12lL only one death; 13th, 11 ; from the 14th to the 19th in- 
clusive, the deaths averaged 2' 5 daily, but on the 20th they rose to 
13 ; and between the 21st and the end of September there were only 
eight deaths, whiuh occurred on the 21st, 22d, 25th, and 27th. 

Between the 1st and 20th of October the deaths were 32, and 
during that period there wore frequently none for three oi' four eoii- 
eecutive days. There was only one death after the 20th October. 
It occurred on the 6th of November, when the pestilence ceased. I 
am informed by a resident medical gentleman, that at the commence- 
ment of the disease the cases were rapidly fatal, many of them after 
eight or ten hours' illness, and it was then almost entirely conGned to 
the lower classes. 

The proximate cause of the exceedingly fatal character of the dis- 
eafie at this seaport is probably to be found in the effluvia engender- 
ed by the extensive tract of marshy land, called the " Cloffocks,'' ad- 
joining the river iterwent, and in the immediate vicinity of the town. 
What ia most remarkable, the first case of cholera at Workington 
occurred on the same day of the same month, in the same house, and 
even in the sHme room in the said house, where the epidemic first 
broke out in the summer of 1832. There is no peculiarity in the 
situation of the house, nor can any reason be assigned lor this most 
singular coincidence. 1 am informed that very few insects were seen 
about the river, and, during the height of the disease, the rooks , 
entirely forsook their old-established quarters in the grounds ad- 
joining the Hall.* 

October. — Cold, with an average fall of rain (5^ inches.) The 



rhe cause of this faarfiil B£iiileniic is still a mjatery. The mcteorologioa 
itioiiB of the Btmuspbere, lUtliougb eH);hely abnormal, are ubolly inade- 
! to uecouut fur Ita induction. It is mpstprobobly induceJ by some gsseou* 
n diffused through th<? atmosphere, but of a nature so subtle that the mo«t 
Lte annlyBiB fails to detect its iireaeoce. Acoordiug to Che ciperiiaeiila of 
undaa Thompson of Ulasgow, no solid matter existed in the air, but Hin> 
s wua obtained from it in the proportion of 0'319 grsin of csustic ■m- 
a, or 0-731 grain of cnrbonulp of ammonia, to 1000 ponnds of air. 
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above an average in point of quantity, and they were got under 
!■ in excellent condition. Garden fruit, as pears, apples, &c., 
< not so plentiful as usual. On the evening of the 28th, that 
rare phenomenon a lunar rainbow, was seen from the grounds at 
Tarn Bank, near Cockermouth, by Isaac Fletcher, Esq., to whom 
I am indebted for the following description of it : — 

In the early part of the evening the sky was cleai', but at 8'' 30" 

iense mist rose from the river Derwent and entirely overspread 
a large segment of the northern horizon; whilst to the south, the 
stniosphcre continued comparatively clear, the moon, within four 
days of full, shining brightly near the meridian. About 9'' 10", 
there was a faint luminous arch in the north, which was evidently 
a lunar rainbow, or rather a fog-bow, for bo rain whatever was 
bte at the time. The light refiect«d by the arch was white, 
and perfectly free from prismatic colour. Its breadth was con- 
Biderable, perhaps 4° or 5^, and its centre or highest part, passed 
close under the star UrBie Majoris, so that the extreme atti- 
tude of the arch was probably about 18° or 20". The edges were 
not sharply defined, but gradually shaded off. It was noticed that 
ienser the fog became, the more apparent was the arch, and 
v&ria, so that the phenomenon could not have been of an auroral 
character. The phenomenon was watched for ten or fifteen minutes, 
when the gradual dispersion of the fog, by destmying the refracting 
medium, put an end to this lutert'sting appearance. 

November. — As usual, a very dull, damp month, with but little 
difference between the temperature of the days and nights. Tem- 
perature 1°'20 abov6 the average. 

Early on the morning of the 2d, a swailow was seen on the 
wing in the immediate vicinity of this town. The maximum tern- 
perature of the day was 55°. Between the 9th and 12th inclusive, 
the extremes of day and night temperature only varied 2 degrees. 

December. — A fine dry month with occasional frosty nights. 
Temperature 2"-15, and rain 2-19 inches bdovi the average. Two 
loud peals of thunder and much lightning on the night of the 14th. 

The remarkable meteor observed at Edinburgh on the evening of 
die 19th, and minutely described by Professor Forbes who wit- 
liesaed it, was also seen at 'WhitehaveTi under the same circum- 
stances and at the same time. 

Last Quakter. — The mean temperature of the last quarter of 
1849 is 1°'16 below the average, and the complement of the dew- 
point is 0'''87 below the mean of the two preceding years. The 
average depth of rain for the quarter is 14-64 inches; in 1849 
the quarterly fall is 12*62 inches, or 2'02 inches under the normal 
quantity. The deaths in this quarter, in the town and suburbs, are 
131, being 4 helcna the average number. 

It is pleasant to have to announce a favourable change m \.'aft 
iBanitory condition of this town, and to record the levnvvnsA.v^u u1 bn 
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HXcesBive mortality, whioh uiiinterrupteilly prevailed for & poriiid ot 
two Toara and a half; for this is tba only quarterly period wherein 
the deaths have not exceeded the average since March 1846. 

In the CO rres ponding quarters of 1846, 1847, and 1848, tha 
deaths were 315, 161, and 17S respectively. The births exeeed 
the deatha by 34. 

Thk Aukora Borb&lis. — There have been seven exhibitiona of 
the aurora borealis during the year 184d, two of which were sutE- 
ciently remarkable to merit something more than a passing notice. 

The first ooourred on the evening of January 14th. At 10 P.M., 
a well-defined auroral aruli, about 6° in width, extended from SUti. 
to W., its highest pai't reaching nearly to jVi'ided in Cygnus. At 
ll** there was one canipluto arch, and segments of two other BrohfiS, 
all biilliant, crossing each other in the NW., and throwing off in- 
tensely bright etreamere, some of which reached the altitude of tfaa 
Pointers. The aurora was now exceedingly beautiful, and emitted 
ooUHiderable light. The streamers appeared to have a duplex late- - 
ral motion, running along the upper edge of the arch, from west to 
north, and then backwards from north to west. The clear sky ba- 
neath the arches was almost black, from contrast. At ll"* 30" the- 
arches bad broken up, and the streamers appeared to emanate from 
the horizon. 

February 18. — At 9 P.m. there was a briUiant band of auroral' 
light ill the east about 6° in width, which shot upwards towards tha 
zenith, throwing off short lateral streamers. At times, a complete 
arch of varying width extended from the eastern to the western 
horizon ; at others, it was broken up into two or more detached por- 
tiona. At 9'' 4:5'^, a magnificent rainbow-like arch about 2" iii 
width, spanned the henTens i'rom EJSE. to WSW. The altitude of 
the centro was apparently about 75' ; the lower edge, at or near tha 
highest point of the arch, was bounded by the star Castor. Tha 
arch was beautifully defined, and of perfectly even width throughout 
its entire extent ; it disappeared in a few minutes after my attention 
was called to it, and soon after the sky became overcast. But fop 
the absence of the moon, it might easily have been miiitsken for a 
lunar rainbow. A precisely similar arch made its s^j^aranco hera 
on the evening of the 21st of M^^h 1833, and as far as my obser* 
vation goes, these perfect rainbow-like arches are of exceedingly rw^ 



The following phenomenon though nneonnected with aurowe. Is 
probably of oluctric origin ; and, as an unusual atmospheric appear- 
anee, is worthy of being placed on record: — September 16. — .Tha 
sky was mostly overcast throughout the day, except a segment ex.. 
tending from WSW. to ENE., whioh was bright and clear to an 
altitude of about 16°. The upper boundary of the clear blue epaea 
was an elliptical segment formed by a sheet of white cloud, which 
wa* partiaUj illuminat-td towards the western extremity, and some- 



vrhati reeoinbled an anroral urcb. I first noticed this blue arab about 
., and from that time until it disnppuared^ about tix o'clock, 
thure was not the dighteBt apparent obange, either in its altitude or 
position. It was observed na earl; as 7 o'clock in the niuming, 
whea it was nearer to the horizon. 

CrENSHAL Rbmakks. — The year 1849 is the driest we haru had 
ince 1844; the fall of rain (39 inobes) is 7'9 inches under the 
average annual depth, which is 47 inuhes nearly. From some 
cause, the annual ijuantity of ■■ain at this place is eyidently on the 
decrease, and the diminution ia, I believe, general all over the north 
of England, Probably the large amount of moor and waste marshy 
land brought into cultivation of late years, and the more efficient 
drain^e of the country generally, by diminishing the evaporating 
Burfaco, and so interfering with that inriaible proeess of nature which 
is the source of every kind of atmospheric deposition, may have led to 
this and other changes which appear to have occurred in the climate 
of England within the last hall' century. In the first seven years 
(1833—39) after I began to keep a meteorological record, the average 
annual depth of rain was 49'93 inches, or 50 inches nearly; in the 
last seven years, ending with 1848, the average is reduced to 43*74 
inches. The greatest quantity in the la^t 17 years is 59 inches, in 
1836; the least, 34-69 inches in 1842. The three driest years in the 
period are 1842, 1844, and 1849, which yielded 34-69 inches, 36-72 
inches, and 39 inches. 

The temperature of the past year (48'''69) is about half a degree 
below the climatic mean, which is 49 '02. The coldest year of the 

t 17 was 1845, and the mildest, 1840; the mean temperatures 
of these years were 47M9 and 50°-85 respecticely. 

The naked thermometer on the grass, placed on raw wool, has 
been at or below the freezing point in every month of 1849 ; viz., 
"i January, on 19 nights; in February, on 14; in March, on 
3; in April, on 18; in May, on 11; in June, on 8; in 
July, on 1 ; in August, on 2 ; in September, on 5 ; in October, 
on Ifi ; in November, on 13; and in December, on 24 nights. 
The amount of radiant heat thrown off from the earth's crust 
at night, in the year 1849, as indicated by naked tbemiometers 
placed on raw wool and on grass, is much greater than usual. The 
evaporation exceeds the fall of rain in five months of 1849 ; viz., in 
March, April, May, June, and September. In 1849, we have had 
12 perfectly clear days; 163 days more or less cloudy but without 
rain; 190 wet days; 261 days on which the sun shone out; 33 
days of frost ; 13 of hail ; 7 of snow ; 10 of thunder and lightning ; 
and 7 days in which lightning occurred without thunder. There 
have also been three lunar halos, one lunar rainbow, a double pnrhe- 
lion, and seven appearances of the aurora borealis. 

The clear days are 14, the days of sunshine are 13, and the w«. 
. dajaare 8 less than the average number. The ig&Bt ^bm \vaa \laax«i- 
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fore atfcrded a smaller share of blue sky and a less amount of sun- 
shine than usual, although the depth of raio and the numher of 
wet days are both hdow the average for the locality. 

The quantity of electricity in the air was extremely small down 
to the end of July, after which it was restored to its averse amount. 

This fact ia strikingly exhibited by the following table of continu- 
ous observations taken by M. Quetelet with Pel tiei'a electrometer :- 

Juioary, .... S3 39 

Pabrtury, , ... 17 3fi 

Moroh, 38 27 

April, 27 20 

Uay £1 16 

June, 18 13 

July, ..... 19 14 

An^oat, . . , . . 21 i\ 

September, .... 24 24 

In 1849, the deatLs exceed the calculated average number \jm 
79, and the births exceed the deaths by 74- 

In the soFen years endiog with 1 846, the mean annual number a 
deaths in the town and suburb, with an assumed population 
17,867, i§ 410, being 22-9 per thousand, or one death in every 43-( 
perBons. In 1816, 1847, and 1848 (assumed average populatioi 
18,329), the mean annual number is 694, being 37-8 death* 
per thousand, or 1 in every 26-4 persons in those three most v 
healthy years. In 1849 the deaths are 606, which, assuming tJ 
population to be the same as in 1848, give 32-2 deaths per 1000, o 
1 death in every 31 persons. The average annual number of deathl 
in the ten years 1839-48 is 495, which, with an asaumed popula- 
tion of 17,713, gives 27-9 per 1000. or I death in every J" " 
inhabitants. 

8o that the mortality in 1849, although still above the averageiiB 
shews a marked improvement in the health of the town as compare^T 
with any of the three preceding years ; and, in the last quarter, thi^ 
deaths are below the average for the period. 

The Obsebvatoky, Whitehaven, 
l,3(* March 1B60, 



The Completed Coral Island. 



The Completed Coral Island. By James D. Dana, Geologist 

to the American Exploratiory Expedition, &c., &c. 

The Coral Island, in its best condition, is but a. miserable reBidonco 
for man. There is poetrj in every feature ; but the natives find 
' 'a a poor Bubstitutu for the bread-fruit and jams of more favoured 
lands. The coooa-nut and pandanus are, in general, the only 
products of the vegetable kingdom afforded for thrir sustenance, and 
Ssh and crabs from the reef their only animal food. Scanty, too. 
is the supply ; and infanticide is resorted to in self-defence, where 
* years would otherwise overstock the half-dozen square 
miles tit which their little world consists. 

Yet there are more corafovfs than might be expected on a land of 
SO limited extent, without rivers, without hills, in the midat of salt 
water, with the most elovatud point but ten feet above high tide, and 
□ part more than 300 yards from the ocean. Though the soil is 
ilight and the surface often strewed with blocks of coral, there is a dense 
covering of vegetation to shade the native villages from a tropical sun. 
The oocoa-nut^the tree of a thousand uses— grows luxuriantly on the 
coral-made land, after it has emerged from the ocean ; and the scanty 
) of the natives, their dr inking- vessel k and other utensils, 
I, cordage, fishing-lines, and oil, besides foadj drink, and building 
naterial, are all supplied from it. The Pandanus, or screw-pine, 
Soorishes well, and is exactly fitted for such regions : as it enlarges 
wd epreadti its branches, one prop after another grows out from 
(be trunk and plants itself in the ground ; and by this means its base 
[s widened and the growing tree supported. The fruit, a lai^e 
iroidal mass, made up of oblong dry seed, divei^ing from a centre, 
ach near two cubic inches in size, affords a sweetish -husky article 
f food, which, though little butter than prepared corn-stalks, admits 
)f being stored away for use when other things fail. The extensive 

'e abound in fish which are easily captured ; and the natives, with 
vooden hooks, often bring in larger kinds from the deep waters. 
From sach resources a population of 10,000 persons is supported on 
lie single Island of Taputeouea, whose whole habitable area does not 
ucceed sis square miles.* 

Water is usually to be found in sufficient quantities for the use of 
ibe natives, although the laud is so low and flat. They dig wells five 
» ten feet deep in any part of the dry islets, and generally obtain a. 
sonstant supply. These wells are sometimes fenced around with 
peeial care ; and the houses of the villages, as at Fakaafo, are otlen 
lustered about them. On Aratica (Carlshotf) there is a watering- 

* There are a few inlands lietter sapplied with vegetable fuod, thougb the 
■ove atataraBiitB are literallj trne of" a largo majority. 
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place 50 feet in diameter, from which our vessels in a few honrtl 
obtainod 390 gallons. The TaJ-awaii Islands are generally proTidejl 
with a Bup|)ly eiifficient for bathing, and each native takes his morn^fl 
ing bath in fresh water, eGteemed by tbeni a great luxury, ■ 

The only source of this water is the rains, which, percolating-a 
through the loose surface, settle upon the hardened coral rock ib^V 
forms the basis of the island. Ab the soil is white, or nearly bo, i' 
reeeires heat but )>lowlj, and there is consequently but little evaporq 
tion of the water that is once abBorbed. 

Theee isUnds, moreover, enclose ports of great extent, manyj 
admitting even the largest class of vesseli ; and tlie saiae lagooul 
are the pearl 6sherios of the Pacific. 

An occasional log drifts to their shores; and At some of the mora 
isolated atolls, where the tiatires are ignorant of any land but the 
Bpot they inhabit, they are deemed direct gifts from a propitiated 
deity, These drifl-logs were noticed by Kotzebue, at the M&rshali 
Islands, and he remarked also that they often brought stones in theiv-t 
roots. Similar facts were observed by us at the Tarawan group, and 
also at Enderby's Island, and elsewhere. 

The stones at the Tarawan Islands, as far as we could lean)) ara 
generally basaltic, and they are highly valued for whetstones, pestlefli 
and hatchets. The logs are claimed by the chiefs for canoes* 
Some of the logs on Enderby's Island were forty feet long, and fouf 
in diameter. 

Fragments of pumice and resin are transported by the waves ta 
the Tarawan Islands. We were informed that the pumioa wsi 
gathered from the shores by the women, and pounded up to fertiliat 
the soil of their tare patches ; and it is so common, that one wonwii 
will pick up a peck in a day. Pumice was also met with at Fakaofo 
Volcanic ashes are sometimes distributed over these islanda, through 
the atmosphere ; and in this manner the soil of the Tonga Island i) 
improved, and in some places it has reoeived a reddish colour. 

The officers of the " Vincennes" observed several large masses 
compact and cellular basalt on Rose Island, a few degi-ees east o 
Samoa : they lie two hundred yards inside of the line of hraakecs 
The island is uninhabited, and tlie origin of the stones is doubtf^d 
they may have been brought there by roots of trees, or peihaps \ 
some canoe, 

Notwithstanding the great number of coral islands in the Pauraoti 
Archipelago, the botanist finds there, as Dr Pickering informs IDA 
only twenty-eight or twenty-nine native species of plants. The foU 
lowing are the most common of them : Portulaeca, two species ; 
SciKvola Kimigii. i'isowi'a/ one species; Towrnefortiaserxeea; Pan* 
dMMs odoratisiimus ; Lepidium, one species; EupkorUor "^ 
species; Morinda citri/olia ; BcerAavia, two species ; CowsytAo, Oi 
speoies ; HeUotropium prostratvm, Pemphu acidvla, CfvettarO 
speciosa, Triumphetta proeumbens, Sauiiana matitima ; Cottvohn 
lus, one species ; JJrtica^ one or Iwo e^acies ; AaQlmivm ndut 
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Achyrantkus, one species ; a species of grass. One or two rubiaceous 
shrubs. Polypodivitn. 

On Rose Ifiland, Dr Pickering found only the Pigonia and a Por- 
tulacca. The Trixcmphetta procumbens, a creeping plant, takes root, 
like the Portulacca, in the most barren sands, and is very common. 
The Toumefortia and Saevola are also amoag the earliest species. 
The Piionia, a tree of handsome foliage, the Pandamts, or screw- 
pine, and the cocoa-nut (always an introduced species), constitute the 
larger part of the forests. In the Mfirshall group, where the vege- 
tation is more varied, Chamisso observed fifty-two native plants, and, 
in a few instances, the banana, tare, and braad-fruit. 

The l&nguage of the natives indicates their poverty, as well as the 
limited productions and unvarying features of the land. AU words, 
like those for mountain, hiil, river, and many of the implements of 
their ancestors, as well as the trees and other vegetation of the land 
from which they are derived, are lost to them ; and as words are but 
signs for Hens, they have fallen off in general intelligence. It 
would bo an interesting inijuiry for the philosopher, t« what ostent 
a race of men, placed in such circumstances, are capable of mental 
improvement. Perhaps the query might be befit answered by another: 
How many of the various arts of civilized life could exist in a land 
where shells are the only cutting instruments \ The plants, in all 
bat twenty-nine in number, — but a single mineral, — quadrupeds, 
none, with the exception of foreign mice, — fresh watei' barely enough 
for household purposes, — no streams, nor mountains, nor hills! 
How much of the poetry or literature of Europe would be intelligible 
to persons whose ideas had expanded only to the limits of a coral 
bland, — who had never conceived of a surface of land above half a 
mile in breadth, of a slope higher than a beach, of a change of 
■eosons beyond a variation in the prevalence of rains 1 Wliat eleva- 
tion in morals should be expected upon a contracted islet, so readily 
overpeopled that threatened starvation drives to infanticide, and 
tends to cultivate the extremest selfishness 1 Assuredly, there is 
not a more unfavourable spot tor moral or intellectual development in 
the wide world than the Coral Island, with all its beauty of grove and 
lake. 

These islands are exposed to earthquakes and storms, like the 
continents, and occasionally a devastating wave sweeps across the 
land. During the heavier gales the natives sometimes secure their 
houses by tying them to the cocoa-nut trees, or to a stake planted 
for the purpose. A height of ten or twelve feet, the elevation of 
their land, is easily overtopped by the more violent seas ; and great 
damage is sometimes experienced. The still more extensive earth- 
quake waves, such as those which have swept up the coast of 
Spain, Peru, and the Sandwich Islands, would produce a complete 
deluge over those islands, — (UniUd States' Exploring; EicpediHoti. — '■ 
Geology. — By James Dana, p. 75.) 

1.1 
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Biographical Notice of Leopold Pilla, flie Geologist. By 
H. CoQUAND.* Communicated by the Author. 

Again, to bring to your recollection the numerous works 
which have placed Pilla among the most eminent geologista 
of Italy, is to do honour to the memory of an associate, whose 
recent loss we lament, by bestowing well-merited praisea on 
the greatness of mind in a citizen, who nobly sacrificed a life 
already illustrious, and which the future promised to render 
Btill more so, to the good of hia country. Yes, Italy has 
always been teflus magna virunt .' The chances of war, the 
rage of civil discord, the inauItB of foreign domination, may 
have eclipsed its political name, but they could not extinguish 
its genius. The blast of revolutions has respected the triple 
halo with which the sciences, letters, and the arts, have 
adorned its brow. By entrusting to one of his friends the 
task of enumerating his scientific labours, the Society im- 
poses on him a very painful duty ; but he undertakes it with 
feeling and gratitude ; for the public homage rendered to the 
virtues of those whom we have loved, seems to bring them 
back to us, and softens the awards of destiny, which has too 
Boon snatched them from us. 

Leopold Pilla was born in the kingdom of Naples. While 
still young, the exciting scenes of Veauvina attracted hia at- 
tention, and determined his scientific career. In 1632, he 
undertook to write the annals of this volcano, and gave its 
history in two periodical collections.t It was at this period 
that he proved the production of flames in volcanic eruptiouB, 
and deduced from thence the ingenious conclusions which 
you judged worthy of a place in your memoirs.J This re- 
markable work, which of itself would have been sufficient to 
establish his scientific reputation, was soon followed by 
numerous others, which shed a new lustre on his name. The 
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study of the extinct volcano of Rouca Moiiftna,* in the Cam- 
pania, illustrated the theory of craters de gonlevemenl, and 
enriched it with facts of the highest importance. 

With a mind at once philosophical and cultivated, he was 
able to generalise and describe, to unite erudition mtb good 
taste, and to treat questions of deepest science with that 
grace and pictureaqueneaa of style, which rendei-s them po- 
pular without detracting from their accuracy. His love for 
geology amounted to enthusiasm ; he was therefore so zeal- 
ous in propagating his views, that certain jealous minds could 
not pardon him, and led him to atone for his fault, by a vo- 
luntary exile. The apostle of the science, he likewise was 
its martyr ; thus nothing was wanting to his fame. It is the 
privilege of men of genius to be persecuted. Obliged to 
yield to the storm, Pilla left Naples, but by his writings he 
belonged to Italy at large ; and the unanimous acclamation 
which greeted him in the chair formerly occupied by Galileo, 
conferred on him by the liberality of the Grand Duke of 
Tuscany, formed at once his triumph and revenge, 

Besidea the woiia mentioned, we owe to him a Mineralo- 
gical Treatise on Rocks ;t an Introduction to the Study of 
Mineralogy;} and a Geological Itinerary from Naples to 
Vienna.^ Thus, by approving the new productions which 
his activity produced, and which caused him to be better ap- 
preciated by the nation which had adopted him, the Tuscans 
had only to sajictiou the judgment they had already given of 
oxir savant, founded on his reputation and works. 

Pilla left his heart at Naples. That city contained all the 
objects of his affections — a father, who had guided his first 
attemptii in the field of science, and his family— a classical soil 
which had revealed to him the secret of its revolutions, a ma- 
jestic landscape, which he could not find among the monoto- 
nous plains of Pisa, and above all hia own Vesuvius. It was 
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in lliis way that he reoalled to bis mind the muuntain which 
had bcpn the subject gf hia daily study, and from whose sum- 
mit Dature presented herself to tus eyes tu the most striking 
contrasts, revealing to bis view its subterranean convulsions, 
connected with the delightful picture of the Gulf of Baia, All 
bis thoughts brought him back to l\aples. When, from Uie 
height of the tirraccs of Campiglia our view extended from 
the peaks of Mount Amiata to the banks of Uie Popolonia, 
and from the Tuscan Archipelago to the distant horiEons of 
Corsica and Sardinia, my poor I'riend often interrupted our 
reveriea by saying, — " It ia almost as beautiful as Naples, 
but my Vesuvius is wanting ;" and then adding, " How un- 
fortunate it is that Werner did not lay the foimdation of 
geology at Naples ; he would have made it Plutonian." Thus 
the love of his country, and the recollection of its wonders, 
were confounded in his mind with the cultivation of the 
science, and gave to his animated and poetical conTeraaUon 
a touching melancholy which agreeably tempered his vivacity. 
During the years of his professorship at Fisa, Filla pub- 
lished, in successiou, a comparative Essay on tJie formations 
which compose the soil of Italy ;* a Collection of the Mineral 
riches of Tuscany ;t two Memoirs on the Etrurian Forma- 
tion ;+ History of an Earthquake felt in Tuscany, in 1846 ;§ 
many notices respecting the Calcare-rosso, and on the tem- 
perature observed in the wells of Monte-Massi ;[| lastly, the 
first volume of his Treatise on Geology.1t Tlio entire work 
would have formed four octavo volumes. The materials were 
prepared, but death left the work incomplete. Aa these 
various writings are in the hands of all geologists, we give 
no analysis of them ; which indeed would only be a faint re- 
flection from the pictures present to yonr memory. I majr 
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merely say, that tbe elevated considerations of the general 
physics of the globe to which he has risen in appreciating 
and investigating the causes of earthquakes, the comprehen- 
sive and metiiodical plan on which he has projected this geo- 
logical treatise, by affording us a proof of the fertility and 
maturity of his mind, shew us, at the same time, the import- 
ance of the part reserved for a philosopher, whom death haa 
removed from the present scene before he had reached his 
thirty-sixth year. 

The war of independence raged at the time when Pilla 
was about to visit the north of Europe, in order to com- 
plete his studies in practical geology, by comparing the dif- 
ferent formations. Kvery generous heai't in Italy beat high 
at the report of the insurrection of Milan ; and the; Univer- 
sities of Piaa and Sienna, by demanding arms and first flying 
to the scene of danger, shewed that hearts, proved in the fire 
of science, are prepared fur great things. Pilla marched at 
the head of his pupils, and led them in the path of glory, as 
he had done in that of philosophy. The love of country and 
thirst for independence, by subjugating liis heart, had stifled 
the calculation of reason under the impulse and delirium of 
enthusiasm. He had foreseen the issue of the struggle j 
for he said to me some days before setting out for the plains 
of Lombardy, " the hour of our fall has struck. Italy loses 
by fourteen ages of servitude the splendour of her early 
days. They are leading us to slaughter ; but we must teach 
our children how to die, in order that tbey may know bow 
they may one day become free." 

The University legion formed a small corps which woa 
placed on the right wing of the Piedmontese army, and 
occupied the positions of Ourtatone and Montanara. The 
principal effort of the Austrian array was directed against 
these lines, in the affair of the 29th May 1848. Attacked by 
13,000 imperial troops, the Tuscans resisted courageously, 
and did not fall back till tbey had left 250 of their men on 
the field of battle. Their heroic resistance paved the wav 
for the success of Goito> Pilla was found among the dead- 



Oh the CAronoloffical Expotition of the Periods of f'e^elation, 
and the di^rent Floraa which have succeeded each other on 
the Earth's Surface. According to the views of M. Brong- 
HIART. 

I (VbIbiik. (>!>■.(., 330 "/ IV(bd« 18.) 

" II. Permian Period. — The nature of the vegetables which 
appear peculiar to this epoch, is far from being determined 
in a positive manner ; for the few localities where the fossils 
we consider as belonging to it, have hitherto heen found, are 
not perhaps really of a formation very identical and truly con- 
temporaneous. For it may be asked, whether the bitomiDous 
and copper slates of the county of Mansfield, classed by ail 
geologists with the zechsfein, and the sandstone of Russia, 
placed by M. M. Murchison and Vcrneuil in their Permian 
formation, are really contemporaneous ? Finally, is there 
greater reason for classifying the slat«3 of Lodeve, considered 
by M. M. Dufresnoy and Elie de Beaumont as depending on 
the variegated sandstone, but so different from the same 
Bandatone of the Vosges in its j?oro, in this period, which 
would thus he a kind of passage from the coal period, so well 
characterised, to the vosgian or variegated sandstone, which 
differs from it in so decided a manner 1 

On account of these doubts, M. Brongniart indicates these 
three fioras separately ; ls(. The Flora of the bituminous slates 
of Thurlngia, composed of algse, ferns, and coniferBE ; 2tl, 
The Flora of the Permian sandstones of Russia, which com- 
prehends ferns, eqtiisetace:e, lycopodiaceee, and noeggerathite ; 
3d, The Flora of the slates of Lodeve, which is compoaedof 
ferns, asterophylliteEe, and conifene. 

" We perceive that there are great specific differences be- 
tween the plants of these localities, and that hitlierto no 
species common to them has been found. Mast we ascribe 
these differences to the influence of the gi*eat diversity of" 
geographical position, or is there, besides, a difference in the 
period of their origui among these formations ? The only 
kcter which tends to bring these two latter Floraa near 
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each other, is the rcilution which both ut' them beai' to the coal- 
foi'matioDB, of which they seem to be a kind of extract, 
reminding us more eBpecially of the moat recent beds. 

" With regard to the plants of the bituminous slates of the 
Mansfeld district, they are so few in number, and appear to 
have been deposited in conditions bo different, that we can 
with difficulty compare them with the two other Floras. Yet 
the species of Sphenupteris are extremely like eauii other in 
the three formations, and an exact comparison would per- 
haps establish the identity of many of them. The Pecopteria 
crenulata of Ilmenau, is only perhaps an imperfect state of 
the Pecopteria abbreviata of Lodcve ; lastly, the Callipteris 
of the Permian formation of Lodcve have a very close con- 
nection between themselves and the Oallipteria of the coal- 
formation. 

"We may add, with regard to the bituminous slates of 
Thuringia, that many of these fossils appear to be marine 
plants, whose numbers would become much more consider- 
able if wedidnotsuppresa all the imperfect impressions which 
have been described as such, and which are nothing more 
than fragments of ferns or altered conifene. 

" II. Reigh op the Gymnosperms. — During the preceding 
periods, and pardcularly during the Carboniferous period, the 
Aci'ogenous cryptogams predominated, and the Gymnosperm- 
ouB dicotyledons, less numerous, shewed themselves in un- 
usual forms, and sometimes so anomalous that we are in 
doubt whether to place them in this or the preceding depart- 
ment ; such are the Aaterophyllitcie. At a later period, on 
the contrarv, these anomalous and ambiguous foi'ms, whose 
classification is often obscure, disappear ; Acrogenoua crypto- 
gams and Gymnospermous dicotyledons evidently enter into 
families still existing, differing from them only in generic 
forms ; the Ferns and Equisetaceie, which represent the aero- 
gens, are less numerous ; the Conifeiie and Oycadea almost 
equal them in number, and usually exceed them in frequency, 
especially in the second period ; by their abundance and size 
they afford the essential character of all these formations ; 
lastly, the Angiospermous dicotyledons are wholly wanting, 
and the monocotyledons are in very amaW liiimbftts. 
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" This reign of the GymnospeniKMW dmtvledoas is divided 
into two periods ; Ibe first, in wfaiiji tbe Cooifene predomi' 
aaXe, and in wliich the Crcades scarcclr Appear ; tbe aeeoad^ 
in wliich this fjunilr becomes p i-w Va wmtirig in the namber 
of species, in fiieqnencT *nd vKrietr of emeric forma. Tho 
Utter mar be dirided into imnr epochs, each presenting pe- 
niliar characters. 

' ni. V otfiam FeHt^. — TKis period, wbtefa does not Kp- 
ptar (o bare been of loi^ duration, and comprehettda onlf 
tbe 9mrit;fQted sandstone {Hnperiv so called, presents tke fol- 
lowing diaracters ; Itt. Tbe existence of fems. prettr nnme- 
roas, of forms rery often anooalaas, eridently constitnt- 
iag gmera now extinct, aad wbidi are not fbond eren in the 
Biost reeent fbtmadoas ; snA ant die AnonM^teris and tbe 
Creoutflpteria. Stems of artmrescent fens are more fre- 
qaeot than dming tbe Jnnaak period ; tme EquisettiinB are 
Terr rare ; tbe Calamites, or ratber peAaps tbe CUaaiodeD- 
drons. areabundaai. id, The GyauuspennB are r t fr e ae i 
by two genera of Oiiufin*:, Ttltng and BmUiitferim, of ivUiA 
the species and specimens are tot namerons. Tbe CjtaAemi 
<M the coQliarr. are verr rare. M. Sd m per mentions only 
two species founded cm two nniqoe spectmessof a ra^ imper- 
fect cbaraef er, and die deterroinatiw of wbicb maj be coon- 
dered deabtfol. 

** This considers lion ^ipears to me to separate completdj, 
in a botanical point of tievr, the penod of tbe Tari^ated 
sandstone ^m that at tbe Reaper, altboogfa both are placed 
bfgeolo^sts in tbe trias-fcvmation. For tbe Orcadeie beeunoi 
Terr abuadant in tbe Keop^, are pnfectlT chara c l eriBc ^ 
and irften aoalogDas to those of the Jurassic period : wWla 
tbe Conifene of tbe raric^ated TiindiliiTW are, on the een^ 
trary, wanting in tUs fonnatieB. 

■' IT. JmnuMC Ptfitd. — This period is (we of the anal «x- 
tenaixe by tbe fwmatioDS which it comprebendSi, aad An 
variety of differmt spn-ud epochs of vejetatioB wUA H <^K 
braces : althoosh we nuinot refiise to ceaqrefaaid, larftt & 
ecmmon thle, epochs donDS; which T«ty analogoas fenns hm 
flOBEeeded each other. It tbos eonpt^esds ftmt the Eenper 
fly, up to the WeaMcan IfanutioBa. InEaeiiWefiid 
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the PterophyUum of the Keupei- appear anew, with slight 
specific difFerenceB in the "VVealdean form at ion a. Theey«i>e- 
iitea of the Keuper extend to the mean oolithic formation ; 
the baiera of the Liaa likewise recurs in the Wealdean beds 
of the north of Germany ; the Sagenopteris and the Camp- 
toptewB likewise appear in the Keuper, Lias, and Oolite. 

" Yet these common characters, which indicate a great 
analogy between the Floras of each of these epochs of for- 
mation, do not prevent each of them having characters of its 
own, and often an assemblage of species, almost all peculiar 
to each particular epoch. We ought, therefore, to distin- 
guish here those various subdivisions, the number of which 
will perhaps be afterwards multiplied, when we become better 
aeqaftinted with the vegetables of each of the stages of the 
Jurassic formations. 

" Keuprie Epoch. — M, Brongniart then gives an enumera- 
tion of the vegetables of the Keupric epoch, which, in regard 
to the Amphigenous cryptogams, consist of Alga3 ; in regard 
to the Acrogenous cryptogams, of F'ems and Equisetacese ; in 
the case of the Gymnospermous dicotyledons of Cycadea3 and 
Conifene ; lastly, of two doubtful monocotyledons (Falmoxi/ria 
and Preisleria.) 

" On compai-ing this Flora with that of the variegated sand- 
stone of the Vosges, and with that of the Lias, we perceive 
that it has nothing in common with the first except the palte- 
oxyris, which appears very nearly related t« that of the varie- 
gated sandstone ; on the contrary, it resembles the Flora of 
the Lias or Oolite in the ferns, many of which are specifically 
identical, or nearly allied in the Nilsonta and Flerophyltum, 
which are likewise either identical, or very nearly connected 
specifically with the Lias. 

" Liaa Epoch. — The Liasic epoch furnishes Amphigenous 
cryptogams, consisting of Alg^e, mushrooms, and lichens; 
^erogenous cryptogams, such as Ferns, Marsileacese, Lyeo- 
podlacea;, and EquisetaccEe ; Gymnospermous dicotyledons, 
Tepresented by the Cycadeie and Coniferte ; finally, doubtful 
monocotyledons, consisting of Proaeiieg and Q/perites. 

" The essential characters of this epoch are therefore. Is/, 
tThe great predominance of Cycadeae, already weW e9,\si>5i^'ft^. 



76 Reign of Gymnotpermg. 

and the pi-esence of Dumerous genera in this family, pai-ti- 
culai'ly Zrimiiea and A'iVsojh'w; 2d, The existence of many 
genera among the ferns with reticulated nerves, which 
scarcely shew themaelves, and under forms not greatly varied, 
in the moat ancient formations ; but some of which, notwith- 
standing, already begin to appear in the epoch of the Reaper. 
Such are the Camptopteris and Thaumatopleris. 

" Oolitic iJjBccA.— -The Oolitic epoch furnishes, among Am- 
phigenous cryptogams, the Algse ; among the AcrogenouB 
cryptogams, Ferns, Marsileaceie, Lycopodiacete, and Equise- 
ta^cx ; among the Gymnospermous dicotyledons, Cycadese 
and Coniferas; lastly, among the doubtful monocotyledons, 
Podocai'ya and Carpolithes. 

'' This list is chiefly founded on the fossils, so varied in cha- 
racter, collected on the coasts of Yorkshire, near Whitby 
and Scarhorough, in beds which are referred to different parts 
of the inferior oolite, and particularly to the great oolite. It 
Ukewise contains a small number of species found in the slaty 
limestone of Stonesfield, near Oxford, depending on these 
same beds. 

" In France, the fossils of this formation have been collected 
in the neighbourhood of Morestel, near Lyon, by Dr Lortet; 
at Orbagnoux and Abergemens, near Nantua, in the depart- 
ment of the Ain, by M. Itier ; in the vicinity of Cliateauroux, 
near ChStillon-sur-Seine, by Colonel Moret ; at Mamers, in 
the department of Sarthe, by M. Desnoyers ; and, lastly, in 
the greatest quantity by M. Moreau, in beds of oohthic lime- 
stone of a very pure white, in the neiglibourhood of Verdun, 
and near Vaucouleurs. Some species have likewise been 
foundat other points of the Jura, in Normandy, near Valogne, 
in the neighbourhood of Alen^on, in each of these localities 
in very small number. But the greater pai-t of these species 
are not yet described and figured, and they generally differ 
as species from those of England. The ferns are generally 
less numerous, and not so well preserved ; we must, how- 
ever, except the HymetiophifUites macrophyllus, found in a 
perfect state at Morestel, and likewise observed at Stones- 
field, and in Germany. The Cycadeai, the species of which 

e not greatly varied, are refemble to the genera Olo:amilea_ 
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nnd Zttmites; Clenis, Pterophyllum, jiiid Nilsonia have not 
yet been observed ; lastly, the Coniferoa (if the genas Brachy- 
phylfum are there particularly abundant, and more frequent 
than in the other localities. 

" In Germany, it is more especially in the slaty limestone of 
Solenhofen, near Aichstiedt, that these fossils have been 
observed, and particularly those of the family of Algie, M. 
Gteppert likewise notices many Cycadece in the Jurassic for- 
mation of Ludwigsdorf, near Kreuzburg, in Silesia. 

"But these localities, so diverse, are referrible to very dif- 
ferent stages of the Oolithic series, and perhaps will constitute, 
when they are better known, and more fully explored, dis- 
tinct epochs. 

" The distinctive characters of this epoch, comprising the 
whole extent we have assigned to it, from the Lia^ to the 
Wealdean formation exclusively, are ; among the Ferns, the 
rarity of ferns with reticulated nerviires, so numerous in the 
Lias ; among the Cycadere, the frequency of Olozamites and 
Znmitea, properly so called ; that is to say, Cycadeae most 
analogous to those of the existing period, and the diminution 
of Clenis, Pterophyllum, and Nihoitia, genera much more re- 
mote from living species ; finally, the greater frequency of 
Conifene, viz., Brachyphyllum sluA TAwifea, much rarer in the 
Lias. 

" Wealdean Epoch. — This epoch affords, Amphigenous 
cryptogams, the Algje ; among Acrogenons cryptogams. 
Ferns, Marsileace<s,s.aAEquiselace<E; among GymnospermouB 
dicotyledons, Cycadece and Coniferce ; lastly, some Carpolithes 
as plants of a doubtfiil class. 

"This enumeration results principally from discoveries 
made, in recent years, in the Wealdean formations of the north 
of Germany, at Osterwald, Schaumberg, Buckeburg, Ober- 
kirke, &e., of which the fossil plants were first described by M. 
Esemer, and afterwards in a more complete manner by M. 
Dunker, in his monograph of these formations. To these 
species must be added others, less numerous and varied, pre- 
viously discovered in the Wealds of England, near Tilgate 
Forest, and Hastings in Sussex, and which are so well de- 
scribed by M. Mantell." 
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This same formation has likewise been found in France, 
near Deauvais, by M. GraveB, wbo observed there Lonchop- 
terig ManleUi, and some other plants, of which M. Brongniarrt 
has not aeen specimeDs, and which he quotes from Gravea cm 
the geology of the department of the Oise, 

"These species, 61 in number, enumerated above, appear 
to be all peculiar to thia formation, with the exception, per- 
haps, of liaiera Huttoni, which seems to be Identical with the 
species of tlie Bayreuth Lias and Scai-boi-ough Lias ; but 
their generic foi-ms are almost all the same as those of the 
Lias and Oolitic formations. The Cycadex, however, already 
appear leas numerous relatively to the ferns. 

" Wefurtherobserve, that this fresh-waterformation, which, 
according to our view, terminates the reign of the Gymnoa- 
perms is connected, by the whole of its characters with other 
epochs of the vegetation of the Jurassic formation, and is 
distinguished from the Cretaceous epoch, which succeeds ii, 
by the complete absence of every species which could be 
arranged among the Angiospermous dicotyledona, both in 
France and England, as well as in the deposits of northern 
Germany, so rich in varied species. On the contrary, in the 
lower chalk, cretaceous glauconia, the quadersandstein or 
planerkalk of Germany, we immediately find many kinds of 
leaves evidently belonging to the great division of Angiosper- 
mous dicotyledons, as well as some remains of palma, of 
which no trace is observable in the Wealdean deposits. 

" I class among the Cycailcte the st-cms of the Tilgate forest, 
formerly designated by the name of Clatharia LyelHi, and 
which I have considered as a stem related to the Draceeaa. 
The whole of its characters, although the almost entire 
absence of the tissues prevents us esamining its anatomy, 
appear to me to render this connection most probable, and 
particularly to indicate the relations between this stem and 
ihaXof Zamites gigas found at Scarborough. 

The abundance of Lonchopteris Mantelli is a character of 
the "Wealdean formations of the south of England and the de- 
partment of the Oise, where this fossil seems to make its 
appearance, at least in fragments, in the greater number of 
ies, where these beds are exposed by the excavation of 
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potter'a clay in tiiia formation, near SavJgnies. In Germany, 
on the contrary, this species is wanting, and Abietites Linkii 
becomes the predominating plant. With regard to Brachy- 
phyllum, I have not yet had it in my power to study them in 
a natural state ; hut the figures given of them leave little 
doubt as to their analogy with the species of the Oolitic 
epoch. 

"The abundance of the Cycodeie likewise forms a distinctive 
character of theWealdean formations of Germany, Still there 
are, as has been seen, many species common to the two basins; 
and I may add, that probably the Sphenopteria Gcepperti, 
Dunk., does not differ from Sphenopteria Phillipsii, Mant. 

"I have not included in this list some marine plants men- 
tioned as belonging to the beds of this epoch ; Xst, because it 
appears to me doubtful whether they really belong to the 
Wealdean and not to the Glauconian epoch ; 2dli/, because it 
still appears to me uncertain, whether the species mentioned. 
Chondrites Eequ alia and intricatus, are quite identical, speci- 
fically with the species of this name belonging to the fucoidal 
sandstone lying above the chalk. 

" III- Keign op the Angiosperms. — The dominating cha- 
racter of this last transformation of the vegetation of the 
globe, is the appearance of Angiospermous dicotyledons, 
those vegetables which actually constitute more than three- 
fourths of the vegetable creation of oui" epoch, and which 
appear to have acquired this predominance from the com- 
mencement of the Tertiary formations. For a long period I 
was of opinion that these vegetables did not begin to appear 
till after the chalk, with the earliest beds of the Tertiary for- 
mations ; but more recent investigation has shewn that beds 
belonging to the Chalk formation present some very distinct 
examples. 

"These vegetablesappeareven at the beginning of the Chalk 
formation ; for it is certain that many well -determined apeciea 
exist in the quadersandstein and planerkalk of Germany, 
which appear to correspond to the green sandstone of Francfi, 
or green sand of English geologists ; although this formation 
in France and England has never yielded any of them, but 
only Bome examples of Cycadea:, CooifercB, and B\a'nae^\'a3i\a, 
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iiut in southern Sweden, at Kopingue in Scania, some speci- 
meDS of dicotyledonous leaves appear associated with a 
Hpecies of Cycadese, in beds whicli have been referred to the 
^eensand : so that the whole Chalk formation would appear 
to constitute a first period in the reign of the Angiospenns, 
forming, so to speak, the passage between the vegetation of 
the Secondary and that of the Tertiary formations, still pre- 
senting, as the first, a few Oycadeo;, as the following, some 
Angiospcmious dicotyledons, and thus paving the way to the 
considerable development of these vegetables in the succeed- 
ing period. This period is besides characterised by many 
Conifenp peculiar to it, and which appear very distinct from, 
those of the Wealdean fonnations, and from those of the 
Koccne epoch of the Tertiary formations ; and such in par- 
ticular are the Cutminiihamitea. 

" We can therefore distinguisli two great periods in the 
reign of the-Angiosperms : 

"\at. The Cretaceous period, a kind of period of transitjon. 

" 2dly, The Tertiary period, presenting all tlic characters 
arising from the predominance of Angiosperms, Dicotyle- 
dons, and Monocotyledons, and divisible into many epochs, 
the characters of which will not be well established until we 
have removed all doubts as to the agreement of the different 
local series of the Tertiary formations. 

" V. Cretaceoim Period. — The Cretaceous period, properly 
so called, comprehends perhaps many distinct epochs ; but the 
beds where fossil vegetables have been observed, not having 
been always classified with precision in the different subdivi- 
sions of this formation, it is impossible to establish their 
chronology with certainty. Besides, we must distinguish an 
epoch which appears immediately to precede this formation, 
and one wliich follows it, and yet differs from the Eocene 
period. 

" We arc acquainted with fossil vegetables of the Creta- 
ceous period :— 

" l»l, Sub-Cretaceous Epoch. — In the sub cretaceous marine 
lignites of the Isle of Ais, nearLaRochelle, andof Pialpinson, 
in the department of the Dordogne ; these are tlie most an- 
ient beds of the CretAceous formation, or the last t^ the 
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Jurassic period. Here have been found only marine plants, 
wood, and branches of ConiferEe. 

"2rf, In the chloriteous chalk or greensand of aouthem 
England, the neighbourhood of Beauvais and Maus ; only 
CycadeED and marine plants have been observed there. 

" 3rf, In the same formation in Scania, where M. Nilaon 
has observed leaves of Dicotyledons mixed with leaves of 
Cycadites. 

" 4M, At Niederschcena, near Freyberg, in Saxony, beds, 
analogous to greensand or quaderaandstein, containing fossils 
of considerable variety, Cycadeffi, Coniferse, and Dicotyledons, 
particularly Credneria. 

" 5M, In the quadersandstein of Bohemia and Silesia, at 
Blanlcenburg, at Teifenfurth, Tesohen, fee, where this sand- 
stone is characterised by the presence of dicotyledonous leaves 
of the genus Credneria, by Cyeadea3, and particularly by Coni- 
ferte of considerable variety, described by M. Oorda in Reuss' 
work on the Chalk of Bohemia. 

" 6M, In France, in the iron sands connected with the 
green sandstones, near Grand-Pre, in the department of 
Ardennes, where M. Buvignier has found two fossil vegeta- 
bles of a very remarkable character, a stalk of an arborescent 
fern, and a cone previously observed in England in the same 
formation. 

" But in other places, and in beds belonging to epochs cer- 
tJiinty different, this period has presented only marine vege- 
tables ; such more especially are those fucoidal sandstones 
or macigno, characterised by Chondrites targionii, aiqualis, 
intricatuB, &c., now designated by the name of fucoidal sand- 
Btone or flysch — the geological epoch of which has long been 
doubtful, but which observers seem to agree in considering 
as a distinct formation, superior to the chalk, and inferior to 
the most ancient beds of the Tertiary formations. 

" These fucoidal sandstones form a very distinct epoch, 
which hitherto appears to be characterised only by marine 
vegetables, and what, at least in a botanical point of view, 
would form the line of demarcation between the Cretaceous 
and Tertiary formations ; for it is remarkable that the fuci 
found there in such great numbers have little connection with 
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those of the (%>lk, pnyer); so called, aod none whatever witb 
those of the most ancient beds of the Tertiu^ tVmnatwBat 
mch SB tfaofie of Monte-Boln. 

** From the stadj aad compansoD of these fossils, deriTed 
from such vanoaa soiirces,weniaTdiTide the Civtaceous period 
mio three epochs, of wbu^ the middle ooe is the true Oeta- 
ceoos epoch. The others, characterised aluiust. exdusively 
by mariue vegetables, are somewhat doubtful with regard 
to their true geological position : the one, more ancient than 
the Chalk, cuotai&s only the subtrvtaeeoas lignites of the 
neifchbourhood of La Kochelle, and the Department of Dop- 
dogne ; the other, superior to the Chalk, correspooda to the 
Kan d stone with fucoides." 

The tubcretaceout epoch comprehends Algae, Naiades^ 
and Conifers. 

" This small Flora is almost entirely founded on fossil 
plants, collected among the marine lignites of the Isle of Aix, 
near La Rocbelle, long since described by M. Fleureau de 
Bellevue. 

" The diiference of the vegetables does not appear to admit 
of connecting this Flora with that of the inferior chalk or 
^eensand ; but it would require to be more completely ex- 
amined, both with regard to its precise geological epoch and 
the entire amount of vegetable species which it contains. 
The most abundant and characteristic of these species is the 
Bhodomeliiet strictut, whose branches, crossed and mingled 
with Zogterites, constitute the mass of these lignites with the 
wood of Conifene, which have not yet been studied, and small 
branchlets, ver)- rare, of Brachifpht/Hum orlngnianum. 

" I have referred to this period the two (ysloscirf'es, de- 
scribed by M. de Sternberg, and mentioned by him as foond 
in the beds between the Jurassic slates snd the chalk in 
Transylvania. 

" Does this fossil Flora correspond to a formation almost 
entirely marine, but cotemporarj- with the "Wealdean epoch ? 
Kew investigations can alone determine this, but we taa^ 
suppose an analogy between the Brachypbyllum of Uie two 

ichs." 

y, Crelaeeom Epoch. — The Cretaceous epoch presents as, 
I 
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among the amphigenoua on'ptogams^with Algic, some of which 
are doubtful ; among the Acrogenous cryptogams, with fema ; 
the Monoctyledons are here represented by two ^ecies of 
pahna ; the GyranospermouB dicotyledons hy the cycadece and 
conifersB ; the Angiospermous dicotyledons by a species of 
Acerinete, a betulacete, a cupulifera, salicines, an acerineic, and 
a jnglandeie ; lastly, a few dicotyledons remain, but the de- 
termination of the families to which they belong is uncertain. 

"We ought, moreover, to notice at least firom ten to twelve 
species of dicotyledonous leaves, indeterminate, and often 
imperfect, figured by Geinitz, Keuas, Corda, and Gceppei-t, or 
existing in coDe t n 

" TTiis Flora, wh h n a ns from sixty to seventy species, 
is, as we perceiv kable n this respect, that the Angios- 

permous dicotyled n 1 qual the Gyninospermous di- 

cotyledons, and n th t nee of a pretty considerable 

Dumber of well characterised Cycades, which cease to appear 
at the Eocene epoch of the Tertiary formations, 

" The genus Credneria, containing dicotyledonous leaves, 
with a very peculiar nervation, but the affinities of which are 
doubtful, is likewise one of the characteristic forms of thia 
epoch, in a pretty considerable number of localities. With 
regard to the species of dicotyledonous leaves, referred to 
determined fiimilies, I may remark that these supposed rela- 
tions, founded on very imperfect specimens, and very few in 
number, are atill very uncertain, and incapable of furnishing 
a basis for comparison with the otlier Floras, nor any certain 
conclusion . 

" 3rf, Fucoidian Epoch. — Thia epoch, which seems to me to 
form the moat natural limit between the Cretaceous and Ter- 
tiary periods, is characterised by those deposits, so rich in 
Algte, of a very pecuhar form, that they have been called the 
■andstones or macignoa a fucoidea, or the flysch of Switzer- 
land,^ — a formation very widely spread, especially in southern 
Europe, from the Pyrenees, as far as the vicinity of Vienna, 
and even to the Crimea. 

" I have not hitherto found land plants mingled with these 
marine species. I do not believe that fossil woods have been 
met with. 



" Almost a\ I these Algs appiar to belong to the same g 
the genus CkomdriU* ; and althoo^ the -species are pretty 
numerous, the; paes from one to aootfaer hy almost insensible 
shades. The Algs of the neighbourhood of Vienna, placed', 
ro the genos Huntteria. are very ill characterised, and per- 
haps are not congenerouB with those of the Jurassic lime-i 
stone of Solenhofea ; bat thev appear to me to have beear 
found in the ^rtme formation, designated bj ibe name of gra;^ 
calcareous slate, of the sandstone of Vienna, as the Chon- 
drites of the same coQDtry." 

The Flora of the fucoideaa sandstone is constituted bj 
twelve species of Algae ^ChondriUs and \titmteria.) 

" What'is remarkable in this series of species is, that they 
have nothing in common, either with the Algffi of the Sobcre* 
taceous epoch, or with those of the Eocene epoch, and parti' 
cularl; of Monte-Bolca, with which this Flora should be 
almost cotemporarv. according to manv geologists. The id^t" 
tity of these species of AlgK is likewise remarkable in all thtf^ 
localities, however distant ^m each other — localities so na- 
merouB, in regard to the greater number of these speciest 
that I have been unable to enumerate them. 

" The Chondrites targionii, or perhaps a distinct species, but 
very nearly related, is the only one presented in another for- 
mation, in the greensand and gault of the Isle of Wight, 
England, according to M. Fttton ; and in this sn 
in the department of the Oise, according to M. Graves. 

" M. Kun- has likewise described and figured, under tha 
name of Chondritei bolUnsis, a fucns of the Lias — the very 
varied forma of which are almost identical with the Chond* 
rites targionii, scqualis, and ditformis. 

" VI. Tertiarff Period. — Considered as a whole, the vegfr* 
tables of this period, cotemporary with all the Tertiary de- 
posits, and continued even in the vegetation which now 
covers the earth's surface, 13 one of the best charaeterised. 
The abundance of An^ospermous dicotyledons, that of tb^ 
monocotyledons of diverse families, but especially the Palma, 
during a part at least of this period, immediately distinguish 
it i'rom the most ancient periods. Yet the observations 
I tile Cretaceous epoch have established a kind ( 
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traQBitioii between the forms of the Secondary epochs and 
those of the Tertiary epochs, which was Dot suspected a few 
years ago. But while, at this period, the Angiosperms ap- 
pear nearly to equal the Gymnosperms, in the Tertiary period, 
they greatly exceed them ; while at the Cretaceous epoch, 
there are still Cycadete and ConiferEe allied to the genera in- 
habiting tropical regions; during the Tertiary period, the 
Cycadeie appear to have been completely wanting in Europe, 
and the Coaifene belong to the genera of the temperate re- 
gions. 

" Notwithstanding this assemblage of characters^common 
to the whole Tertiary period, there ai-e evidently notable diffe- 
rences in the generic and specific forma, and in the, predo- 
minance of certain families at different epochs of this long 
period ; but here we often experience serious difficulties in 
establishing a uniformity as to time among the numerous 
local formations which constitute the different Tertiary for- 
mations. In assigning the different localities where fossil 
vegetables have been observed to the principal divisions of 
the Tertiary aeries, I have not followed exactly the bases ad- 
mitted by M. Unger in his Synopsis ; I have approached 
nearer to the distribution adopted by M. Raulin, in his Me- 
moir on the Transformations of the Flora of Central Europe 
during the Tertiary period (Ann. Sc. Nat, t. x., p. 193, Oct. 
1848), whicli refers many of the formations, classified by M. 
Unger in the Miocene division, to the Pliocene, or moat re- 
cent epoch. Yet, according to the advice of M. Elie de Beau- 
ntont, I have not placed all the Lignite formations of Ger- 
many in the Pliocene division, as M. Raulin has done, nor 
all of them in the Miocene division, like M. Unger ; but, con- 
formably to the old opinion of my father, 1 have left the 
Lignites from the shores of the Baltic, which include amber, 
in the inferior division of the old basins of Paris, London, 
and Brussels, considering them eotemporary with the Sois- 
son Lignites. Those of the banks of the Rhine, of Wetter- 
avia and Westphalia, are arranged in the Miocene division ; 
those of Styria, and part of Bohemia, on the contrary, are 
placed among the recent or Pliocene formations. 

" This distribution agrees pretty generally w\l\i\i\6 na.Wc% 
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of the vegetables contained in them. One important poiofr 
only leaves me in doubt : this relat«s to tlie liignitts of tlw 
environs of Frankfort or Wetteravia, the p1ant« of which are 
pretty generally analc^ons to those of (Eningen or Part- 
schlug in Styria ; although their geological position aeeras to 
call upon us to refer them to a more ancient formatJon. 

" It is probable that a more complete knowledge of thesv 
diverse deposits would lead to a division into distinct epodik 
more numerous ; but I think that, in the meantime, the divi 
sion into three principal epochs, which I shall designate, witb 
the majority of geologtste, by the names Eocene, Miocene, 
and Pliocene, is sufficient for a comparison of the successive 
chaoges of the vegetable kingdom- I shall point out for 
each of them the localities which I think should be compi 
bended under these different designations. 

" With regard to the general characters which result frou 
the comparative examinations of these Floras, we find that the 
number of species, in the great divisions, are thus distributed 
in these three Floras : — 



Ciy|rtogBm«, . 



AcTDg^ioua. 
Fhsnen^iutu, 
Mtmocotjledgns, 
Dicotj'ledoiiB, 
GynmospenuB, 
Angioeperma, 



Total, 209 ... 209 - 312 ... 

"It may only be remarked that, in the first column, or Eooeno 
formation, the fossil fruits of the Isle of Sheppey — a, part only 
of which have been described by M. Bowerbank— have a greal 
influence on the numbers of the different divisions of Phane- 
rogams, and that this locality appears altogether exceptional, 
and is, perhaps, an example of the effect of currents convey- 
ing exotic fruits from remote climates, and accumulating them 
nt of the diorea of Europe. 
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" In this point ol' view, the enumeration of the plants of this 
first epoch is in no way comparable to that of tlie other 
epochs, where I have refrained even from introducing the 
snuirll namber of fossil plants from the Tertiary formations of 
the equatorial regions that are known, in order to oonfine 
myself to a comparison of the Tertiary Floras of Eui-ope. 

" With regard to tlie characters drawn from vegetable 
forms during these three epochs, the most remarkable ap- 
pear to me, lei. In the Eocene period, the presence, but 
rarity, of the palms, limited to a small number of species. 

"The predominance of Algse and marine MunocotyledooB, 
which must be ascribed to the great extent of marine tbnna- 
tions during this epoch. 

" The existence of a great number of extra European forms, 
resulting especially from the presence of the fossil fruits of 
Sheppey. 

"2(/,Inregard to the Miocene epoch, the abundance ofpalma 
in the greater number of localities belonging, without doubt, to 
this epoch ; the existence of a considerable number of non- 
European forms, in particular of the genus Steinhauera, which 
appears to me to be a rubiaceie allied to nauclea, found in 
many localities of these formations. 

"3d, In regard to the Pliocene epoch, the great predomi- 
nance and variety of Dicotyledons, the rarity of Monocotyle- 
dons, and, above all, the absence of Palms ; lastly, the general 
analogy of the forms of these plantu with those of the tempe- 
rate regions of Europe, North America, and Japan. 

" A remarkable character of the Floras of these three epochs, 
but which is most striking in regard to the last, in which the 
dicotyledonous plants are most numerous, is the absence of 
the most numerous and characteristic families of the division 
of Gamopetalia, Thus, among the numerous impressions of 
Partschlug, CEningen, Hcerring, Radoboj, &c., there is nothing 
to indicate the existence of the Compositte, Oampanulacese 
PersonneEB. Labiacea;, Solaniie, Boragina^e, &c. 

" The only Monopetales mentioned in great nimibers are the 
Ericaceie, Iliciueie, some Sapotacete, and Styracete, families 
which belong almost as much to the Dialypetales as to the 
Gamopetales. 
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" In the Miocene flora only hiTe been pmnteil out many 
Apocynes, and Rubiace«, which I have mentioned above, 

"1. Eocene Epofk. — This epoch, in the most precise limits, 
comprebeods plastic clay with its li^ite^, the coarse PaHsian 
limeatone and gypsum which lie abo^e it in the same basin 
but I have not tboo^ht it north while, in the meantinie, to 
separate from it some formations whirfi, according to the in- 
▼egtjgationa of modem geologists, are placed between the 
uctaoeoos fonnations and the inferior piarts of the formations 
mestioiied ; sodiare the Nommulitic fin-matioDs of the Yicen- 
tin, cumprvhendinv the celebrated locality of Monte- Boica, and 
probably some others near it, sach aa Salcedo, in the Vicentin. 
I have likewise joined to this Fkva of the Eocene fbrmations 
a verA remai^hle locality of the basin of Farts, the r«IatioBs 
of which with the Tertiary beds are not yet perfectly detei 
mined, — these are the beds of a species of anaent TraTCrtin 
whi(^, near Sezanne, contain nomeruas fossil vegetables still 
uodesn^bed, and of which 1 shall here notice the roost re 
markahle. Tbe«e plants hare rery pecoltar remains, and 
belong probably to a special Flora, nnless tbe differences can 
be ascribed to a diversity of station. 

'' Besides the dtfierent members of the Eocene fonnatioa, 
properly so called, of the Paris basin. I comprehend in this 
Flora the fossils of the same formation in England, at tbe 
Isle of Wight, and I^e of Sheppey in tbe Londoo basin. 
These latter fossils, consisting almost solely of fnits traoB- 
formed into pyrites, constitute a whole which has no aiift- 
logtie in any otiter of the Tertiary basins (tf Europe ; not only 
IB the number and diversity of these fruits, but in their pecu- 
liar diaracters, which remove tbem widely from the plants 
wbocie leares occor in the other beds of the same geological 
^ocfa. Everything, therefore, would lead as to suppose that 
these fruits, ahhoagh belonging to plants cutemporaneoas 
with tbe Eocene deposits of Europe, bare been brought from 
£itant ootmtries by marine currents, jnst as fmiu are still 
tron gh t 6mn tbe equatorial regions of Amerk« to tbe coasts 
of Ireland or Xonray by tbe great corrent of the Atlantic 
Tbe depo^ in tbe Isle of Sheppey appears therefiMV to be an 



accidental ease in the Eocene deposits, and the Paris biisin 
preaenta none of these fossils. 

" The Tertiary basin of Belgium, which follows that of 
London, has yielded, near Brussels, Bome fossil fruits in very 
small numbers, but which appear identical with one of the 
genera most abundant at Sheppey. Thia is the NipadUes, 
considered at first as a speciea of Coco, under the name of 
Cocus bur tint. 

" Lastly, following the advice of my learned associate, M. 
Elie de Beaumont, 1 have inuluded in the same Flora the 
plants contained in the Lignites of the shores of the Baltic 
and Pomerania, so rich in amber, in which these vegetables 
have often been preserved. It is to the labours of M. Goep- 
pert that we are indebted for a knowledge of these vege- 
tables, most frequently represented by very small ^agments, 
the relations of which he has determined with much skill and 
accuracy.'" 

With materials collected in these various localities, but of 
which the greater part are still unpublished, we may con- 
struct the Flora of the Eocene epoch ; but the list, compre- 
hending only the species described, or at least determined, is 
only a mere sketch. 

M. Brongniart then gives the names of the vegetables 
belonging to the Eocene epoch ; these are, for the AmpM- 
genous cryptogams, algje, and mushrooms ; for the Aci-o- 
genous cryptogams, hepatici, mosses, ferns, equisetaceaa, and 
characeee. The Monocotyledons present Naiades, Nipaeeie, 
and palms. The Gymnospermous dicotyledons are repre- 
sented by Coniferae (Cupressinse, Abietineffi, Taxinece, and 
Gnetacere.) Lastly, among the Angiospermous dicotyle- 
dons, we find examples of Betulaeete, Cupuliferte, Juglau- 
detB, Ulmaeesi, Proteacese, Leguminosie, (Enotherese, Cucur- 
bitaceee, Sapindaces, Malvacetc, Ericaceae, and three doubt- 
ful families (Phyllites, Autholithes, and Carpolitlies.) 

" The most remarkable characters of thia Flora are, — 

" Is/, The great quantity of Algaa and marine Naiades, 
characters owing to the extent and thickness of the marine 
formations of this epoch. 

"2rf, The great numbei' of Conifei-se, the greater ^gwcV^ja- 



Sei^ of Angiotpermi. 

longing to genera still existing, tut amoDg which the Cuprea- 
sineie appear to predominate, especially if we admit as poai- 
tively belonging to this family the Tarioas (ruita of the Isle 
of Sheppey, which M. Bowerbank has describeil under the 
name of Cupressitiites, and of which M. Endlicher has formed 
the genera Gallitrit«3, Frenelites, and Sotenostrobna. If 
these fruits reallv belong to European vegetatioD, they indi- 
cate very peculiar generic forms, probably now wholly ex- 
tinct. 

" Zd, The existence of ntany large species of palm, equally 
shewn by the occurrence of their leaves and stems. 

" 2. Miocene Epoch. — This Eocene or middle epoch of the 
Tertiary formations appears to me to comprehend tiie follow- 
ing localities among those which have furnished materials for 
the study of the vegetation of the Tertiary period : lit. In the 
environs ofPariSjthesuperior sandstones, or those of Font^ne- 
bleau and the Meulieres, or Buhrstone, which crown our coasts; 
"id. The sandstone, with impressions, in the environs of Mans 
and Angers, and probably those of Bei^rac. in the depart- 
ment of the Dordogne ; 3rf, A part of the Tertiary formations 
of Auvergne, and particularly those of tlie mountain Gei^via, 
formations which, by their impressions, appear more ancient 
than those of Menat, but which perhaps all belong to diiferent 
stages of the Pliocene epoch ; Ath, The fresh-water forma- 
tions of Armissan, near Karbonne, the Gypsnm of Aiz in 
Provence, the Lignites of Provence, whose vegetable fossils 
are scarcely known ; finally, the Lacustrine formations, rich 
in the wood of palms, and in stems of Monocotyledon 8, 
from Upper Provence, near Apt and Castellane ; 5th, A 
part of the Tertiary formations of Italy, and particu- 
larly those of Superga, near Turin ; &th. The Mollasse of 
Switzerland, with its Lignites, at Lausanne, Kccpfnac, and 
Horgen, containing the remains of palms; 1th, The Lignites of 
the banks of the Rhine near Cologne and Bonn, at Friesborf, 
Liblar, &c-, sometimes enclosing wood of palms, and those of 
Wetteravia at Nidda, near Frankfort, and other places ; as 
well as those of Weisner near Cassel, which all appear to be 
of the same epoch, although those of Wetteravia, by the 
ahnnd&nce of certain genera of Dicotyledons, such B&j*^laHs 
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and acer, und even by many cases ol' epeci&c identity, seem 
to make a nearer approacli to the Pliocene flora ; %th, A part 
of the Ligoites of Bohemia, and parti culai-lj those of Altsattel, 
whose foBsila, described by M. de Sternberg and M, Koss- 
mEBBBter, generally agree with those of the other localities 
already mentioned. The other Lignites of Bohemia, those 
of Bilin and of Comothan in particular, enter completely 
into the Pliocene flora,; 9/A, HoBrriug in the Tyrol, and 
Radoboj in Croatia, of which M. Unger has so well described 
the numerous impressions in his Ckloris Protogma, and which 
have almost become the type of the Miocene flora, 

" With the exception of the Lignite formations of the neigh- 
bourhood of Casael and Fraaikfort — the species of which have 
often numerous points of connection with those of Qioingea 
and Parschlug, and which enter rather into the Pliocene flora 
— the different localities I have mentioned have numerous re- 
lations between them as to their fossil vegetables. Thus, the 
Nymphea ArethuSEc is found in the Meulicree or Buhrstone 
of Paris, and in the marls of Armissan ; the Flabellaria rha- 
pifolia and maxima recur at Hoering in the Tyi-ol, at Radoboj 
in Croatia, and in the superior sandstones of tlie environs of 
Angers and Perigneux. 

" The Callitrites Brougniartii, Endl., is likewise met with in 
the formations of Armissan, Aix, in Provence, at Hoering and 
Badoboj. 

" Lastly, the Steinhauera globosa of the Altsattel Lignites 
in Boliemia, is likewise found in the sandstone of the vicinity 
of Maus ; and the Platauus Hercules of Kadoboj, in Croatia, 
has been sent to me from Armissan, near Narbonne, by M. 
Toiunal. 

" These facts would probably multiply by a more attentive 
study of the different localities ; but as it is, they leave little 
doubt as to the synchronism of the gi-eater part of these local 
formations." 

In the Flora of the Miocene formations, Ampbigenous 
cryptogams occur, represented by Algje and mushrooms ; Acro- 
genous cryptogams, represented by mosses, ferns, and Cha- 
racea; ; Monocotyledons, among which we find Naiades, Gra- 
miuesa, Liliacete, and Palms ; of the Gymnospermoua dioQt^- 
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ledons, ConJfene ; and Angiospermous dicotyledons, among 
which occur MjriceiE, Betulinese, Ciipulifene, Ulmaceas, Mo- 
resB, Platanesc, Salicinese, Lawrineie, Urabelliferae, Karo- 
langeas, Combrctacece, Calycantheic, Legummosic, Anacardise, 
XanthoxyletG, Juglandezc, Rhamueie, Acerinete, NympheaccEe, 
Apocyneie, and RublaceEi!. 

" The moat striking characters of this epoch consist of the 
ipisture of exotic forms at present peculiar to regions war 
than Europe, with vegetables growing generally in temperate 
countries ; such as the palms, a species of bamboo, Lawrinete, 
Combretacea;, Leguminos^s of warm countries, Apocynese, 
analogous, according to M. linger, to the genera of equa- 
torial i-egions, a Rubiaceaj altogether tropical, united with 
erables, walnuts, birches, elms, oaks, cAarmes, &c., genera 
proper to temperate or cold regions. The presence of 
equatorial forms, and paHicularly of palms, appears to 
distinguish this epoch essentially from the following one. 
Lastly, we likewise observe the very small number of vege- 
tables with a monopetalous corolla, limited to species re- 
feiTed to the family of Apocynes by linger, and to the genus 
Steinliauera, founded on a fruit which has much relation to 
that of Nauclea among the Rubiacese. 

"3. Pliocene Epoch. — This epoch, embracing all the Tertiary 
formations superior to the fahlunt of Touraine, comprehends 
pretty numerous localities rich in fossil vegetables, and whose ■ 
position in these formations is determined as much by the 
ensemble of the vegetables they contain, as by their other- 
geological characters. The Tertiary basins which, it appears 
to me, must serve as the basis of this Flora, both by their 
identity, and the numerous and carefully -studied vegetables- 
they contain, are : Isl, That of Qiningen, nuar ShafFouse, the 
species of which have been long since studied and well de- 
termined by M. Alex. Braiin, whose work, though unpub- 
lished, has been communicated to many naturalists, and par- 
ticularly to M. linger.* 2d, That of Parschlug, in 8tyria,i 



• The following intBresting olitervationa ui. tlio (Enirgcn forma 
Prafeasor Agiueix, wbo refers it to the Miocena not lo the Fliuecne 

" Thin picture woulc! he luconijjlete did I nut ioatitute u farther 
botweeu the prenent vegetation of Ihoae rogions Had the ToHiii planla of. 
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the numerous impreBsions of which M. TJiiger has collected, 
studied, and determined, partly puhlished by him in his Chlo- 
ris Protoffwa, and presented altogether in a special enumera- 
tion of these species recently published under the title of 
Flora of Parschlug. In this locality alone, M. Unger hae 
recognised and classified 140 different species ; it is the most 
local Flora with which we are acquainted, and the 



geological flpoolia. If we compare, natuely, tba Tertiary foMil plants cf Europe 
with those living on the spol now, we sball be ttruck witli tbe differences of 
Kbout tbe samo valuci ae those alr>:ady mentiaaed between tho eastern and 
we«tern coaeta of tho continents under the eamo latitudes. Compara, for 
inatan^e, a list of tbe fossil trees and shrubs from (Bnlngon, with a cata- 
logue o{ trees and nbrubs of the eastern and western coasts, both of 
Europe, Asia, and Nortb Aioerica, and it will be seen that the differences 
the^ exhibit scarcely go beyond those shewn by these different Flnrec under the 
name latitudes. But what is quite extraordinary and unexpected is the fact, 
that the European fossil plants of tliat locality resemble more closely the trees 

those of any other part of the world ; thus, allowing us to express correctly the 
differences already mentioned between the vegetation of the eastern and western 

I may add, the fauna also,^ and probably also that of eastern Asia, have a more (m- 
riant characttr than those of Europe and of weslern North America, The plants, 
aspecittlly the trees and shrubs growing ia our days in this country and in 
Japan, are, as it were, old fashioned ; they bear the mBrk of former BgBB — a 
peculiarity which agrees wilb the general aspect of Korth America ; the geo- 
logical structure of which indicates that this region nm a large continent long 
before the extensive tracts of land had been lifted above the level of the sea in 
any other part of the world , 

" Tbe extraordinary analogy wbich exists between the present Flora and Fauna 
of North America, and the fossils of the Miocene period in Europe, would also 
give a valuable hint with respect to the mean annual temperature of thnt geo- 
logical period. 

" (Bvingen, for instance, whose fossils of all classes have perhaps been more 
folly studied thati those of any other locality, could not have enjoyed, during 
that period, a tropical or eveo a subtropical climate, such as has often been as- 
signed to It, if we can at all rely upon Che Indicetiuns of its Flora; for this Is so 
similar to thatof Chnrlestoo, South Cnralina, that the highest mean annual tem- 
perature we can ascribe to the Miocene epoch in central Europe must be re- 
duced to about 60° Fah. ; that is to say, we infer from its fossil vegetation that 
(Eoingen had, during the Tertiary times, the climate of the warm temperate 
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identity of a great number of speeiea with those of CEningen, 
indicates well the sjnchroniBin of these two local formations. 
Such other points in Styria appear likewise to he of the same 
epoch, as well as many localities in Hungary so rich in ailici- 
fied wood. In Bohemia, the ti'ipoli slates of Bilin and Co- 
mothaa, which contain a pretty conaiderahle number of plants 
described by M. de Sternberg, are no doubt referrible to this 
epoch, according to the nature of these plants. Lastly, the 
Tertiary hills, called the Bub-appennine hills of Flaisantin, 
of Tuscany, and a part of Piedmont, as well as the gypseous 
formation of Stradella, near Pavia, so rich in impressions of 
leaves, form part of this epoch; but, with the exception of 
this latter point, these formations contain, in general, few 



" In France, the Pliocene epoch probably compreheads a 
part of the fresh-water deposits of Anvergne and Ard^che. 
Thus, the slates of Menat and those of Rochesauve appear 
to me to furnish a Flora very similar to those of CEningen 
and Parschlug. With regard to the marls of Gergovia and 
Merdogne, near Clermont, I think they ought rather to be 
classed in the Miocene epoch ; but this question can be 
settled only by a more attentive determination of the species. 
The Flora, wliich recapitulates all that has been described or 
named in these formations, is, however, essentially founded, 

una, the cluaate of Rome, for icstaace, aJid Datsventhsitof tlte northern iboreB 
or Africa. We are led to this coQoluaion hj the following argument: — The 
Bame isotherinttl line which pisaes ot present through (Eningen, nt the 47th de- 
gree of northern latitude, pitses also through Boston, Ut. 42°. Suppoeing now 
(b» the geoIag!<nl etructore of the two coDtitients and tlui farm of their respec- 
tive outlines at tbut period seem to Indicitte), that the undulations of the isother- 
mal lines which wo notice in our dajs esisted alreailj during the Tertiary pe- 
riod, or, in other words, that the diffurcncBS of temperature which eiist between 
the western shores of Europe and the osstern shores of North America, ware 
the same at that time as now, we shall obtain the mean annual temperature of 
that age by adding simply the differonca of menu annual toiuperature which 
exists between Cbacleston and Boston (12° Fab.) to that of OLningen, which U 
4S° Fu.h., as modem (Eningen agrees almost precisely with Boston, making It 
60° Fah. i far from looking to the northern shores of Africa for an analogy, 
which the dilferent character of the respective vegetations would render still leas 
king. The mean annual temperature of (Eningen, during the Tertiary pe- 
wouldnot therefore differ more from its present mean than that of Cbarlea- 
iffers from that of Hostoo." — Agaari:, on Lait Stiperior, p. 160. 
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as may be seen by the indicatioD of localities, on the two 
basiDB of Parsclilug and (Eningen. 

" The Flora of the Pliocene formations is constituted by Am- 
phigenouB cryptogams, comprehending algee and mushrooms ; 
by Acrogenous cryptogams, including a muscite, ferns, lyco- 
podiaceie, and equisitacese ; by Monocotyledons, naiades, 
gramineEC, oyporaceie, and lihacese ; by Gymno sperm on s dico- 
tyledons, conifera, represented by cupriessines, ahielinete, 
and taxineae; finally, by Angiospermous dicotyledons, com- 
pi-ehending myricete, betulaceiB, cupulifene, ulmaceie, balsa- 
miflnie, salicinege, laurinex), thymaleiB, santalacece, corneaa, 
myrtaceffi, calycanthece, pomaceie, rosacea, amygdalese, le- 
gnminosiB, anacardese, juglande^e, rhamneee, celastrinete, 
sapindacefc, acerines, tiliaceEO, magnoliaces, capparides, aa.- 
potem, styracere, oleacee, ebenaoeEB, ilicineie, and ericaceaj. 

The Pliocene epoch, considered in relation to Europe, for 
I have intentionally excluded from the preceding list some 
fossils of the Antilles referred to these formations, offers as 
peculiar characters an extreme analogy to the existing Flora 
of the temperate regions of the northern hemisphere ; I do 
not say of Europe, for this Pliocene flora comprehends many 
genera strangers in the present time to Europe, but proper 
to the vegetation of America or temperate Asia. Such are, 
if we admit tho accuracy of the generic relations established 
by the botanists to whom these determinations are owing, 
taxodium, aalishuria, comptonia, liquidamhar, nyssa, robin ia, 
gleditschia, bauhinia, cassia, acacia, rhus, juglans, ccanothus, 
eelastnis, sapindus, liriodendron, capparls, sideroxylon, ach- 
raa, and symplocos, all genera foreign to temperate Europe, 
but in which they have been found in a fossil state, but which, 
for the most part, still occur in the temperate regions of other 
parts of the globe. 

As to other genera still existing in Europe, but which con- 
tain only a small number of species, we find many more of 
them in a fossil state ; such are the Erahles, of which 14 
species arc enumerated in this Flora of the Pliocene epoch, 
and the Oahs, which are 13 in number. It ought to be re- 
marked, that these species come from two or three very cir- 
umacribed localities which, in the present time, ^roh^litj 
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would not furnish, in a, circuit of many leagues, more than 
three or four species of these genera. Lastly, another cha- 
racter, which I have already spoken of. and which makes this 
Flora to diifer still further from tliat of our epoch, is the ab- 
sence, or at least the small number and nature of the plants 
with Gamopetalous corollas. 

" Thus, there are only twenty plants of this Flora arranged 
in the families of tliis division, and all are referrible to this 
group of Hypogynous gamopetales, which I have distinguished 
by the name of Isogynes ; in the general organization of 
the flowers, they approach neai-est to the dialypetales. 

" Is this absence of Anisogynous gamopetales, and with irre- 
gular ovarieS, the result of chance ; or does it arise from this, 
that many of these plants, particularly among the species of 
temperate regions, are herbaceous, and that herbaceous 
plants are generally in conditions less favourable for passing 
into a fossil state \ Or, lastly, did those families, which some 
botanists have been led to consider the moat elc^vated in or- 
ganization, not yet exist ! These arc points which cannot be 
positively determined in the present state of our knowledge. 

" We may however remark, that at the Miocene epoch, 
these plants were still less numerous, but belonging to other 
families ; and that at the Eocene period, no one is mentioned 
by the authors who have shewn the connection between the 
fossil and living plants, without having any preconceived 
idea on the subject. 

" Another fact to he noticed, but which likewise probably 
depends on the herbaceous nature of these vegetables, and 
their leaves not being shed, is the almost complete absence 
of Monocotyledons, ferns, and mosses, which establishes, in 
regard to these families, a very great difference between 
the Pliocene flora and that of modem Europe. 

" A difference not less important distinguishes this Flora 
from that of the most ancient epochs ; namely, the absence, in 
all these formations, of the family of Ferns, ivhich, on the con- 
trary, furnishes so prominent a feature in the Miocene epocli. 
No trace of them occur in Europe in the Pliocene formations 
I have enumerated ; while the woods of this family are very 
abundant in the formations of the West Indies, which is con- 
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Bidered as an epoch at least as recent as the Pliocene forma- 
tion, which appears to indicate that at thia period tbe zones 
of vegetation were distributed nearly aa at present, 

Indeed, in these modem formations of the Antilles, we find 
among the fossil woods, the only portions of their vegetables 
that have hitherto been collected, specimens which indicate 
the existence, not only of nnmerous and varied pal ma, but of 
many other families of the equatorial zone, such as Lianes, 
nearly related to Bauhinia and Menispermea;, Piaonia, &c. 
The vegetation of the Antilles had therefore at thia period 
the characters of the equatorial zone, aa in Europe it bad then 
the characters of the temperate zone- 
Lastly, and to terminate our observations on thia Flora of 
the latter geological epoch which preceded the present one, 
we would remark that, notwithstanding the general analogies 
which exist between the vegetables of these formations and 
those now living in the temperate regions, no species appears 
to be identical, at least with the plants that still grow in 
Europe ; and if, in some rare cases, complete identity ap- 
pears to exist, it is between these vegetjvbles and American 
species. Tliua the Flora of Europe, even at the most recent 
geological epoch, was very different from the European Flora 
'of the present day." — VlnsHtui. 



Glacial Theory of the Erratics and Drift of the Nero and 
Old Worlds* By Professor L, AGAasiZ. 
GlaeuditU and AnttglaciaUsts. — Erratie basins of Switierland. — 
Similar phenomena observed en other parts of Europe. — Points 
necessary to be settled ; first, the relation in time and character 
between the Northern and the Alpine erratics. — Traced in North 
America. — Not yet settled whether any local centres of distri- 
bution in America ; but the general cause must have acted in 
all parts simultaneously. — Tliis action ceased at 35° north 
latitude ; this incompatible with the notion of currents. — In both 
hemispheres a direct reference to the Polar Regions. — Bijlculty 

* Vide Lake Superior, ita physicB.1 chariu^ter, vegetatiau, and BUlmalE. By 
Pn>f>«ior Iiouis Agossiz. 1850, 

VOL. SLIX. NO. SCVII. — JULY 1850. «■ 
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aa to so exteriMve formation of Ice, removed ; rli^adties on the 
theory of Currents, the e/ectg contrary to e-xperience of Water- 
Action. — Erratic ■phenomena of Lake Superior. — The Jceberff 
theory. — Description of appearances at Lnite Superior. — Drift, 
contains mud, and i> without fostils. — Example ofjuasM-poriHon 
of ttratified and unstratijled Drift, at Cambridge. — Date of 
these phtnomena not fully determined, but doubtless simuhanaour 
all over the Globe, — The various periods and kinds of Drift 
distinguished — Accompanied by change of level in the Cttnttnent 

So much has been said and written within the last fifteen 
years upon the dispersion of erratic boulders and drift, both 
in Europe and America, that I should not venture to intro- 
duce this subject agajn, if I were not conscious of having 
essential additions to present to those interested in the in- 
vestigation of these subjects. 

It will be remarked by all who have followed the discus- 
sions respecting the transportation of loose materials over 
great distances from the spot where they occurred primi- 
tively, that the moat minute and the most careful inves- 
tigations have been made by those geologists who have 
attempted to establish a new theory of their transportation 
by the agency of ice. 

The part of those who claim currents as the cause of thia 
transportation has been more generally negative, inasmuch 
as, satisfied with their views, they have generally heen con- 
tented simply to deny the new theory and its conseqneneea, 
rather than investigate anew the field upon which they bad 
founded their opinions. Without being t^ixed with partiality, 
I may, at the outset, insist upon this difference in the part 
taken by the two contending parties. For, since the publica- 
tion of Sefstroem's paper upon the drift of Sweden, in which 
very valuable information is given respecting the phenomena 
observed in that peninsula, and the additional data furnished 
hy De Vemeuil and Murcbison upon the same country and 
the plains of Russia, the classical ground for erratic pheno- 
mena has been left almost untouched by all except the advo- 
cates of the glacial theory. I need only refer to the invea- 
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tigations of M. de Charpentier, Escher, Von Derlinth and 
Studer, and more particularly to those extensive and moat 
minute researches of Professor Guyot in Switzerland, with- 
out speaking of my own and some contributions from visitors, 
— as the Martins, James Forbes, and others, to justify my 
assertion, that no important fact, respecting the loose mate- 
rials spread all over Switzerland, has been added by the 
advocates of currents since the days of Sanssure, De Luc, 
Eacher and Von Bach ; whilst Professor Guyot has most 
conclusively shewn that the different erratic basins in Swit- 
zerland are not only distinct from each other, as was already 
known before, but that in each the loose materials are ar- 
ranged in well -determined regular order, shewing precise 
relations to the centres of distribution, from which these 
materials originated ; an arrangement (vhich agi-ees in every 
particular with the arrangement of loose fragments upon the 
surface of any glacier, but which no cause acting convulsively 
could have produced.* 

The results of these investigations are plainly that the 
houlders found ata distance from the Central Alps, originated 
from their higher summits and valleys, and were carried down 
at different successive periods in a regular manner, forming 
iminternipted walls and ridges, which can be traced from 
tLeir starting-point to their extreme peripheric distribution. 

I have myself shewn that there are such centres of distri- 
bution in Scotland, and England, and Ireland ; and these facts 
have been since traced in detail in various parts of the British 
islands by Dr Buckland, Sir Charles Lyell, Mr Darwin, Mr 
M'Laren, and Professor James Forbes, pointing clearly to 
the main mountain groups as to so many distinct centres of 
dispersion of these loose materials. 

Similar phenomena have been shewn in the Pyrenees, in 
tbe Black Forest, and in the Vosges, shewing beyond question, 
that whatever might have been the cause of the dispersion of 



* A eomparisoa af tbe mapa, ahowing tbe tuTsngemoDt uf the mortlncg upon 
the glscier of tho A»r, in my Sj,uenu! Olaciaire, with the maps which Professor 
Qnjot is about to publish of the distribution of the iimtic bouldors in SvfltMi;- 
land, will shew more fullj the identilj of tho two phenomenB. 

G'i 
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erratic bouMers. there are seTeral separate centres of their 
distribution to be distingiusbed in Europe. But tbere is 
another question connected witli this local distribution of 
bouliliTB which requires particular investigation, the confusion 
of which with the former has no doubt greatly contributed to 
retard our real progress in understanding the general quea- 
tton of the distribution of erratics. 

It is well known that Northern Europe is strewed with 
boulders, extending over European Kuasia, Poland, Northern 
Germany, Holland, and Belgium. The origin of these bould- 
ers is far north in Norway, Sweden, Lapland, and Lief- 
land; but they are now diifuaed over the extensive plains west 
of the Ural Mountains. Their aiTangement. however, is such 
that they cannot be referred to one single point of origin, 
but only in a general way to the northern tracts of land 
which riae above the level of the sea in the arctic regions. 
Whether these bouldera were tranaported by the same agency 
as those arising from distinct centres, on the main Continent 
of Europe, has been the chief point of discussioa. For my 
own part, I have indeed no doubt that the extreme conai 
quencea to which we are naturally carried by admitting thi 
ice was also the agent in transporting the northern errati< 
to their present positions, has been the chief objection to tk 
view, that the Alpine boulders have been distributed h] 
glaciers. 

It seemed easier to account for the distribution of tlii 
northern erratics by currents ; and this view appearing eatia 
factory to those who supported it, they at once went further 
and opposed the glacial theory even in those districts when 
the glaciers seemed to give a more natural and more 8ati» 
factory explanation of the phenomena. To embrace ti 
whole question it should be ascertained 

f'Hrtt, Whether the northern erratics were transported i 
the same time as the local alpine bouldera, and if not, whi( 
of the phenomena preceded the other ; and again, if the 
cause acted in both cases, or if one of the causes can be a] 
plied to one scries of these phenomena, and the other caul 
to the other series. An investigation of the erratic phi 
aiena in North America seems to me likely to settle th) 
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question, as the northern erratics occur here in an undis- 
turbeii continuation over tracts of land far more extensive 
than ithoae in which they have been tob served in Europe. 
For my own part, I have already traced them from the eastern 
shores of Nova Scotia, through New England and the north- 
wcBtem States of North America and the Canadas as far as 
the weBtern extremity of Lake Superior, a region embracing 
about thirty degrees of longitude. Here, as in Northern 
Europe, the boulders evidently originated farther noith than 
their present location, and have been moved universally in a 
main direction from south to north. 

From data which are, however, rather incomplete, it can 
be fui'ther admitted that similar phenomena occur further 
west across the whole continent, everywhere presenting the 
same relations. That is to say, everywhere pointing to the 
north as to the region of the boulders, which generally dis- 
appear about latitude 38°. 

Without entering at present into a full discussion of any 
theoretical views of the subject, it is plain that any theory, 
to be satisfactory, should embrace both the extensive northern 
phenomena in Europe and North America, and settle the 
relation of these phenomena to the well-authenticated local 
phenomena of Central Europe. 

Whether America itself has its special local circumscribed 
centres of distribution or not, remains to be seen. It seems, 
however, from a few facts observed in the White Mountains, 
that this chain, as well as the mountains of north-eastern 
New Yoi'k, have not been exclusively. — and for the whole 
duration of the transportation of these materials, — under the 
inflaence of the cause which has distributed the erratics 
ttirough such wide space ovei" the continent of North Ame- 
rica. But, whether this be the case or not (and I trust local 
investigations will soon settle the question), I maintain that 
the cause which has transported these boulders in the Ame- 
rican continent, must have acted siraultaneously over the 
whole ground which these boulders cover, as they present 
throughout the continent an uninterrupted sheet of loose 
materials, of the same general nature, connected in the same 
general manner, and evidently dispersed at the ftoai^ \ax&.%. 



Moreover, there is no ground, at present, to doubt the 
simultaneous dispersion of the erratics over Northern Europe 
and Northern Amerien. So that the cause which transported 
them, wliiitever it may be, must have acted simultaneously 
over the whole tract of land west of the Ural Mountains, and 
east of the Rocky Mountains, without assuming anything re- 
specting Northern Asia, which has not yet been studied in 
this respect ; Hint is to say, at the same time, over a space 
embracing two hundred degrees of longitude. 

Again, the action of this cause must have been such, and 
I insist strongly upon this point, as a fundamental oue, the 
momentum with which it acted must have been such, that 
after being set in motion in the north, with a power suthcient 
to carry the large boulders which are found everywhere over 
this vast extent of land, it vanished, or was stopped, after 
reaching t/ie thirty-fifth degree of northern Latitude. 

Now it is my deliberate opinion that natural philosophy 
and mathematics may settle the question, whether a body of 
water of sufficient extent to produce such phenomena can 
be set in motion with sufficient velocity to move all these 
boulders ; and nevertheless stop before having swept over 
the whole sui-face of the globe. Hjdrographers are fami- 
liar with the action of cun-ents, with their speed, and with 
the power with which they can act. They know also how 
they are distribnted over the globe. And, if we institute a 
comparison, it will be seen that there is nowhere a current 
running from the poles towards the lower latitudes, either in 
the northern or southern hemisphere, covering a space equal 
to one-tenth of the currents which should have existed to 
cairy the erratics into their present position. The widest 
current is west of the Pacific, which runs parallel to the 
equator, across the whole extent of that sea from east to 
west, and the greatest width of which is scarcely fifty de- 
grees. This current, as a matter of course, establishes a 
regular rotation between the waters flowing from the polar 
regions towards lower latitudes. 

The Gulf Stream, on the contrary, runs from west to east, 
and dies out towards Europe and Africa, and is compensated 
by the currents from Bafiin'a Bay and Spitzbergen emptying 
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into the Atlantic, while the current of the Pacific, moving 
towards Asia, and carrying floods of water in that direction, 
is maintained chiefly hy antarctic curi'ents, and those which 
follow the western shore of America from Eehring's Straits. 
Wherever they are limited by continent!!, we see that the 
waters of these currents, even when they extend over hun- 
dreds of degrees of latitude, as the Gulf Stream does in its 
whole course, are deflected where they cannot follow ai 
straight course. 

Now, without appealing with more detail to the mechani- 
cal conditions involved in this inquiry, I ask every unpreju- 
diced mind acquainted with the distribution of the northern 
boulders, whether there was any geographical limitation to 
the supposed northern current to cause it to leave the northern 
erratics of Europe in such regular order, with a constant 
bearing from north to south, and to form, on its southern 
termination, a wide, regular zone from Asia to the western 
shores of Europe, north of the fiftieth degree of latitude, be- 
fore it had reached the great barrier of the Alps 1 I ask, 
whether there was such a barrier in the unlimited plains 
which stretch from the Arctic seas uninterrupted over the 
whole northern continent of America as far down as the Gulf 
of Mexico ? 

I ask, again, why the erratics are circumscribed within the 
northern limits of the temperate zone, if their transportation 
is owing to the action of water euri'ents 1 Does not, on the 
contrary, this most surprising limit within the arctic and 
northern temperate zones, and, in the same manner, within the 
antarctic and aoutliern temperate zones, distinctly shew that 
the cause of transportation is connected with the temperature 
or climate of the countries over which the phenomena were 
produced ] If it were otherwise, why are there no systems 
of erratics with an east and west bearing, or in the main di- 
rection of the most extensive currents flowing at present over 
the surface of our globe ? 

It is a matter of fact, of undeniable fact, for wliich the 
theory has to account, that, in the two hemispheres, the eiTa- 
ticB have direct reference to the polar regions, and are cir- 
cumscribed within the arctics and the colder part of the tern- 
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perate zones. This fact is as plain as the other fact, that the 
local distribution of boulders has refereoce to high muimtain 
ranges, to groups of land raised above the level of the sea 
^nto heights, the temperature of which is lower than the sur- 
rounding plains. And what is still more aatotiishing, the 
es.tent of the local boulders, from their centre of distribution, 
reaches levels, the mean annual temperature of which corre- 
sponds, in a surprising manner, with the mean annual tern- 
peratui-e of the southern limit of the northern erratics, 

We have, therefore, in this agreement, a strong evidence 
in favour of the view that both the ]ihenomena of local mo 
tain erratics in Europe, and of northern erratics in Europe 
aud America, have probably been produced by the same 

The chief difficulty is in conceiving the possibility of the 
formation of a sheet of ice sufficiently large to caiTy the 
northern erratics into their present limits of distribution ; 
but this difficulty is greatly removed when we can trace, as 
in the Alps, the progress of the bouldei'S under tlie same 
aspect from the glaciers now existing, down into regions 
where they no longer exist, but where the boulders and other 
phenomena attending their transportation shew distinctly 
that they once existed. 

Without extending further this argumentation, 1 would call 
the attention of the unprejudiced observer to the fact, that 
those who advocate currents as the cause of the transporta- 
tion of erratics, have, up to this day, failed to shew, in a 
single instance, that currents can produce all the different 
phenomena connected with the transportation of the boulders 
which are observed everywhere in the Alps, and which are 
still daily produced there by the small glaciers yet in exist- 
ence. Never do we find that water leaves the boulders which 
it carries along in regular walls of mixed materials ; nor do 
currents anywhere produce upon the hai-d rocks »n situ the 
peculiar grooves and scratches which we see everywhere 
under the glacier and within the limits of their ordinary 
oscillations. 

Water may polish the rocks, hut it nowhere leaves straight 
scratches upon their surface ; it may furrow them, but these 
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furrows are sinuous, acting more powerfnlly upon the soft 
parts of tlie rocka or tisaureB already existing ; whilst glar 
ciere emootli and level uniformly the hardest parts equally 
with the softest, and, like a hard file, rub to uniform continu- 
ous surfaces the rocks upon which they move. 

But now let us return to our special subject, the erratics 
of North America. 

The phenomena of drift are more complicated about Lake 
Superior than I have seen them anywhere else ; for, besides 
the general phenomena which occur everywhere, there are 
Home peculiarities noticed which are to be ascribed to the 
lake as such, and which we do not find in places where no 
large sheet of water has been brought into contact with the 
erratic phenomena. In the first place, we notice about 
Lake Superior an extensive tract of polished, grooved and 
scratched rocks, which present here the same uniform cha- 
racter which they have everywhere. As there is so little 
disposition, among so many otherwise intelligent geologists, 
to perceive the facts as they are, whenever they bear upon 
the question of drift, I cannot but repeat, what 1 have al- 
ready mentioned more than once, but what I have observed 
Again here over a tract of some fifteen hundred miles, that 
the rocks are everywhere smoothed, rounded, grooved and 
furrowed in a uniform direction. The heterogeneous mate- 
rials of which the rocks consist are cut to one continuous 
uniform level, shewing plainly that no difference in the polish 
and abrasion can be attributed to the greater or less resist- 
ance on the part of the rocks, but that a continuous rush cut 
down everything, adapting itself, however, to the general un- 
dulations of the country, but nevertheless shewing, in this 
close adaptation, a most remarkable continuity in its action. 

That the power which produced these phenomena moved 
in the main from north to south, is distinctly shewn by the 
form of the hills, which present abrupt slopes, rough and 
aharp corners towards the south, while they are all smoothed 
off towards the north. 

Indeed, here, as in Norway and Sweden, there is on all the 
hills a lee-side and a strike-side. As has been observed in 
Norway and Sweden, the polishing is very perfect m lawvj 
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plaeefi, sometimes strictly as brilliant as a polished metallic 
surfttce, and everywhere these surfaces are more or less 
seratchei] and furrowed, and hoth scratches and furrows are 
rectilinear, crossing each other under various angles ; how- 
ever, never varying many points of the compass on the sajne 
spot, but in general shewing that where there are deviations 
ivora the most prominent direction, they are influenced by 
the undulations of the soil. It has been said, that the m^n 
direction of these strite was from north-west to soutb-east, 
but I have found it as often strictly from north to south, or 
even from north- east to south-west; and if we are to express 
a general result, we should say that the direction, assigned 
by all our observationa to the various scratches, tends to 
shew that they have been formed under the influence of a. 
movement from north to south, varying more or less to the 
east and west, according to local influences in the undula- 
tions of the soil. It is, indeed, a very important fact, that 
scratches which seem to have been produced at no great in- 
tervals from'each other, are not absolutely parallel, but may 
diverge for ten, fifteen, or more degrees, There is one fea- 
ture in these phenomena, however, in which we never observe 
any variation. The continuity of these lines is absolutely 
the same everywhere. They are rectilinear and continuous, 
and cannot be better compared than with the effects of stones 
or other hard materials dragged in the same direction upon 
flat or rolling surfaces ; they form simple scratches extend- 
ing for yards in straight lines, or breaking oif for a short 
space to continue again in a straight line in the same direc- 
tion, just as if interrupted by a jerk. There are also deeper 
scratches of the same kind, presenting the same phenomena, 
only, perhaps, traceablu. for a greater distance than the finer 
ones. These scratclies, instead of appearing like the tracing 
of diamonds upon glass, as the former do, would rather 
assume the appearance of a deeper groove, made by the point 
of a graver, or perhaps still more closely resemble the 
scratches which a cart-wheel would produce upon polished 
marble, if the wheel were chained, and coarse sand spread 
over the floor. The appearance of the rock; cmshed by the 
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moving mass, is capecially diatinct in limestone rocks, whei-e 
grooves are seldom nicely cut, but present the appearance of 
a violent pressure combined with the grooving power, thus 
giving to tlie groove a character which is quite peculiar, and 
which at once strikes an observer who baa been familiar with 
its characteristic aspect. Now, I do not know upon what 
tbe assertions of some geologists rest, that gravel, moved by 
water under strong heavy currents, will produce similar 
effects. Wherever I have gone since studying these pheno- 
mena, I have looked for such cases, and have never yet found 
modern gravel currents produce any thing more than a 
smooth surface, v^ith undulating furrows following the cracks 
in the rocks, or following their softer parts ; but continuous 
Btraight lines, especially such crushed lines and straight fur- 
rows, I have never seen. 

When we know how extensive the action of water carry- 
ing mud and gravel is on every shore and in every water- 
current, — when we can trace this action almost everywhere, 
and nowhere find it similar to the phenomena just described, 
I cannot imagine upon what ground these phenomena are 
still attributed to the agency of currents. This is the 
less rational as we have at present, in all high mountain 
chains of the temperate zone, other agents, the glaciers, 
producing these very same phenomena, with precisely the 
same characters, to which therefore a sound philosophy 
should ascribe, at least conditionally, the northern and alpine 
polished surfaces, and scratched and grooved rocks, or at 
least acknowledge that the effect produced by the action of 
glaciers more nearlyresembles these erratic phenomena than 
does that which results from the action of currents. But 
Buch is the prejudice of many geologists, that those keen 
faculties of distinction and generalization, that power of 
superior perception and discrimination, which have led them 
to make such brilliant discoveries in geology in general, seem 
to abandon them at once as soon as they look at the erratics. 
The objection made by a venerable geologist, that the cold 
required to form and preserve such glaciei-s, for any length 
of time, would freeze him to death, is as childish as the appre- 



benrion that tlie braTr ocean-cnrreiits, tbe action of wliicb 
be »ees ererywhere, migbt have iwept him away.* 

Now that thes« phenomena hare been observed exten- 
■jvely, we may »!erive also some instroction from the limits 
of their geographical extent. Let na ae*-, therefore, where 
these poliabed, scratched, and farrowed rocks have been 
obaerred. 

In the first place they occor everywhere in the nortli 
within certain limits of the arctics, and through the colder 
parta of the temperate zone. They occnr also in the southern 
hemisphere, within parallel limits, but in the plains of the 
tropics, and even in the warmer parts of the temperate zone 
we 6nd no trace of these phenomena, and nevertbeleas the' 
action of currents could not be less there, and could not at 
any time have been less there than in the colder climates. 
It is true, similar phenomena occur in Central EwY>pe, and 
have been noticed in Central Asia, and even in the Andes of 
South ^kmcrica, but these always in higher regions, at de- 
finite levels above the surface of the sea, everywhere indi- 
cating a connection between their extent and the colder 
temperature of the places over which they are traced. 

More recently, a step t^ivards the news I entertain of this 
sabject has been made by those geologists who would ascribe 
them to the agency of icebergs. Here, as in my glacial 
theory, ice is made the agent ; floating ice is supposed to 
have ground and polished the surfuces of rocks, while I con- 
eider them to have been acted upon by terrestrial glaciers. 
To settle this difference we have a test which is as irre- 
sistible as the other arguments already introduced. 

Let us investigate tbe mode of action, the mode of trans- 
portation of icebergs, and let us examine whether this cause 
is adequate to produce phenomena for which it is made to 
account. As mentioned above, the polished surfaces are con- 
tinuous over hills, and in depressions of the soil, and the 
scratches which run over such undulating surfaces ai-e never- 
theless continuous in straight linqB. If we imagine icebergs 
moving upon shoals, no doubt they would scratch and polieh 

* Berlin Academy, 1S46. 
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the rocks in a way similar to moving glaciei's. But upon 
sucli grounils they would sooner or later be stranded ; and if 
they remained loose enough to moYe, they would, in their 
gyratory movements, produce curved lines, and mark the 
spots where they had heen stranded with particular indica- 
tions of their prolonged action. But nowhere upon arctic 
ground do we find such indications. Everywhere tlie po- 
lished and scratched surfaces are continuous in straight 
juxta-position, 

Phenomena analogous to those produced by icebergs would 
only be seen along the sea-shoi'es ; and if the theory of drifted 
icebergs were correct, we should have, all over those conti- 
nents where erratic phenomena occur, indications of retreat- 
ing shores as far as the erratic phenomena are found. But 
there is no such thing to he observed over the whole extent 
of the North American continent, nor over Northern Europe 
and Asia, as far as the northern erratics extend. From the 
arctics to the southernmost limit of the erratic distribution, 
we find nowhere the indications of the action of the sea aa 
directly connected with the production of the erratic pheno- 
mena. And wherever the marine deposits rest upon the 
polished surfaces of ground and scratched rocks, they can be 
Bhewn to be deposits formed since the grooving and polishing 
of the rocks, in consequence of the subsidence of those tracts 
of land upon which such deposits occur. 

Again, if we take for a moment into consideration the im- 
mense extent of land covered by erratic phenomena, and view 
them as produced by drifted icebergs, we must acknowledge 
thatthe icebergs of the /jresen//)e?'iorf at least, are insufficient 
to account for them, as they are limited to a narrower zone. 
And to bring icebergs in any way within the extent which 
would answer for the extent of the distribution of erratics, 
we must assume that the northern ice-fields, from which 
these icebergs could he detached and float southwards, were 
much larger at the time they produced such extensive pheno- 
mena than they are now. That is to say, we must assume 
an ice period ; and if we look into the circumstances, we shall 
find that this ice period, to answer to the plienomena, should 
be nothing less than an extensive cap of ice upou botk ^oVft*. 
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lltB ia the very tfa«OTT which I adrooUe ; and onleas the 
Tocabes of aa icebet^-theoTV go to that length tn their pre^ 
mises, I venture to sav, without fear of contradiction, that 
they will find the soarce of their icebergs fiUl short of the 
requisite cooditiims which they mnst assume, upon due coq^ 
uderatioD, to aecount for the whole phenomena as tbeyhava 
really been obserred. 

Bat withont disenssing any ^rther the theoretical viewl 
of the question, let me desmbe more minutely the facts, as 
observed on the northern shores of Lake Superior. The 
polished surfaces, as sach, are even, undulating, and tertni- 
nate always abore the rongb lee-side turned to the sooth, 
unless apon gentle declirities, where the polished snrfaces ex- 
tend in unbroken continuity upon the southern surfaces of tb« 
hills, as well as upon their northern slopes. On their eastern 
and western flanks, shallow valleys running east and ives 
are aa uniformly polished as those which run north and south 
and this fact is more and more evident, wherever scratches 
and furrows are also well preserved and distinctly seen, and 
by their bearings we can ascertain most minotely, the direc- 
tion of the onward movement which produced the whole 
phenomena. Nothing is more striking in this respect thaa 
the valleys or depressions of the soil running east and west, 
where we see the scratches crossing such undulations at right' 
angles, descending along the southern gentle slope of- a hill, 
traversing the flat bottom below, and rising again up the next 
bill south, in unbroken continuity. Examples of the kind 
can be seen everywhere in those narrow inlets, with shallow 
waters intersecting the innumerable highlands along the 
northern shores of Lake Superior, where the scratches and 
furrows can be traced under water from one shore to the 
other, and where they at times ascend steep hills, which they, 
cross at right angles along their northern slope, even when 
the southern slope, not steeper in itself, faces the south with 
rough escarpments. 

The scratches and furrows, though generally running north 
and south, and deviating slightly to the east and west, pre- 
sent, in various places, remarkable anomalies, even in their 
ffcoeral course along the eastern shore of the lake. Betweea 



Micbipicotin and Sault St Marie, we more frequently aee a 
deflection to the west than a. due north aod south course, 
■which is rather normal along the northern shore proper, be- 
tween Miehipicotin and other islands, and from the Pic to 
Fort- William ; the deop depreasion of the lake being no 
donbt the cause of such a deviation, as large masses of ice 
could accumulate in this extensive hollow cavity before spread- 
ing again more uniformly beyond its limits. To the oscilla- 
tions of the whole mass in its southerly movement, accord- 
ing to the inequalities of the surfaces, we must ascribe the 
crossing of the straight lines at acute angles, as we observe 
aleo at the present day under the glaciers, as they swell and 
subside, and hence meet with higher and lower obstacles in 
their irregular course between the Alpine valleys. 

In deep, narrow chasms, however, we find now and then 
greater deviations from the normal direction of the strite, 
where considerable masses of ice could accumulate, and move 
between steep walls under a lateral pressure of the masses 
moving onwai-da from tlie north. Such a chasm is seen be- 
tween Spar Island and the main land opposite Prince's Lo- 
cation, south of Fort- William ,■ where the furrows and scratches 
ran nearly east and west. But here also, there is no tumul- 
tuous disturbance in the continuation of the phenomena, anch 
as would occur if icebergs were floated and stranded against 
the southern barrier. The same continuity of even, polished 
surfaces, with their scratches and furrows, prevails here as 
elsewhere. The angles which these scratches form with each 
other are very acute, generally not exceeding 10° ; but at 
times they diverge more, forming angles of 15°, 20°, and 25°. 
In a few instances. I have even found localities where they 
(o^Bsed each otber at angles of no less than 30" ; but these 
are rare exceptions. It may sometimes be noticed that the 
lines running in one direction form a system by themselves, 
varying very little from strict parallelism with each other, 
but crossing another system, more or less strongly marked, 
of other lines equally parallel with each other. At other 
times, a system of lines, sti-ongly marked and diverging very 
slightly, seem to pass over another system, in which the lines 
form various angles with each other. A.gam, ^Veve wee, 
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places, — and this is the most common case, where the lines 
diTerge slightly, following, however, generally one main direc- 
tion, which is crossed by fewer lines, forming more open 
angles. These differences, no doubt, indicate various oscilla- 
tions in the movement of the mass which produced the lines, 
and shew probably its successive action, with more or less 
intensity, upon the same point at successive periods, in ac- 
cordance with the direction of the moving force at each inter- 
val. Tht; same variations witliin precisely the same limits 
may be noticed in our day on the margin of the glaeiers pm- 
•Inced by the increase or diminution of the bulk of their mass, 
and the changes on the rate of their movement. 

The loose materials which produced, in their onward 
movement under the pressure of ice, such polishing and 
grooving, consisted of various-sized boulders, pebbles, and 
gravels, down to the most minute sand and loamy powder. 
Accumulations of such materials are found evei^where npon 
these smooth surfaces, and in their arrangement they present 
everywhere the most striking contrast when compared with 
deposits accumulated under the agency of water. Indeed, 
we nowhere find this glacial drift regularly stratified, being 
every where irregular accumulations of loose materials, scat- 
tered at random without selection, the coarsest and most 
minute particles being piled irregularly in larger or smaller 
heaps, the greatest boulders standing sometimes uppermost, 
or in the centre, or in any position among smaller pebbles 
and impalpable powder. 

And these materials themselves are scratched, polished 
and furrowed, and the scratches and furrows are rectilinear 
as upon the rocks in »ilu underneath, not bruised simply, as 
the loose materials carried onward by currents or driven, 
against the shores by the tides, but regularly scratched, as 
fragments of hard materials would be if they had been fasten- 
ed during their friction against each other, just as we observe 
them upon the lower surface of glaciers where all the loose 
materials are set in ice, as stones in their setting are pressed 
and rubbed against underlying rocks. But the setting here 
being simply ice, these loose materials, fast at one time and 

tveable another, and fixed and loosened again, have rubbed 
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against the rock below in all possible positions ; and hence, 
not only their rounded form, but also their rectilinear groov- 
ing. How such grooves could be produced under the action 
of currents, I leave to the advocates of such a theory to shew , 
as soon us they shall be prepared for it. 

I should not omit here to mention a fact which, in my 
opinion, has a great theoretical importance, namely, that in 
the northern erratics, even the largest boulders, as far as I 
know, are rounded, and scratched and polished ; at least, all 
those which are found beyond the immediate vicinity of the 
higher mountain ranges, shewing that the accumulations of 
ice which moved the northern erratics covered the whole 
country ; and this view is sustained by another set of facts 
eyually important, namely, that the highest ridges, the highest 
nigged mountains, at least, in this continent and north of the 
Alps in Kurope, are as completely polished and smoothed as 
the lower lands, and only a very few peaks seem to have 
risen above the sheet of ice ; whilst, in the Alps, the summits 
of the mountains stand generally above these accumulations 
of ice, and have supplied the suri'ace of the glaciers with 
large numbers of angular boulders, which have been carried 
upon the back of glaciers to the lower valleys and adjacent 
plains without losing their angular forms. 

With respect to the ii-regnlar accumulation oi' drift-mate- 
rials in the north, I may add, that there is not only no indi- 
cation of stratificatioD among them, such, im questionably, as 
water would have left, but that the very nature of these 
matei-ials shews plainly that they are of terrestrial origin; 
for the mud which st>icks between them adheres to all the 
little roughnesses of the pebbles, fills them out, and has the 
peculiar adhesive character of the mud ground under the 
glaciers, and differing entirely in that respect from the 
gravels, and pebbles, and sands washed by water-currents, 
which leave each pebble clean, and never form adhering 
masses, unless penetrated by an infiltration of limestone. 

Another important fact respecting this glacial draft con- 
Biata in the universal absence of marine, as well as fresh- 
water fossils in its interior — a fact which strengthens the 
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view tbat they have been accumulated by the agency of strictln 
terresti-ial glatilers : such is, at least, the case everywhend 
far fi'oni the sea-shore. But we may conclude that thesa 
ancient glaciers reached, upon various points, the Be&^sbMaj 
at the time of their greatest extension, jast as they do atj 
pi*Sfient in Spitsbergen and other arctic shores ; and tbati 
therefore, in fluch proximity, phenomena of contact ahonlu 
be obserrcil, indicating the onward movement of glAciaU 
material into the ocean, such as the accumulation withioj 
these materials of marine fossil remains, and also the ioBiM 
ence of the tidal movements upon them. And now such ia^ 
really the case. Nearer the sea-ghoi'es we observe distinctlyf^ 
in some accumulations of the drift, faint indications of thU 
action of the tide, reaching the lower surface of glaciers, anu 
the remodelling to some extent of the materials which thesM 
poured into the eea. A beautiful example of the kind may bv 
observed near Cambridge, along Charles River, not far frtnaj 
Mount Auburn, where the unatratified glacial drift (a) pre* 
Bents in its upper masses strictly the characters of true terd 
restrial glacial accumulation, but shews underneath fain^ 
indications {0} of tho action of tides. Above, regular tidall 
strata (c) are observed, formed prabahly after the maageaj 
below bad subsided. The surface of this accumulation iad 
covered with soil (d). ' 



The period at which these phenomena took place cannoC 
te fully determined, nor is it easy to ascertain whether 
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glacial drift is contemporaneous. It would seem, however, 
as if the extensive accumulation of drift all around the nor- 
thern pole in Europe, Asia, and America was of the same 
age as the erratic of the Alps. The climatic circumataneea 
capahle of accumulating such large masses of ice around the 
north pole, having no doubt exteuded their influence over 
the temperate zone, and probably produced, in high mountain 
- chains, as the Alps, the Pyi-enees, the Black Forest, and the 
' Vosges, such accumulations of snow and ice as may have 
» produced the erratic phenomena of those disti-icts. But ex- 
tensive changes must have taken place in the appearance of 
I the continents over wliich we trace erratic phenomena, sinoa 
we observe in the Old World, as well as in North America, 
' extensive stratified deposits containing fossils which rest 
I upon the erratics ; and as we have all possible good reasons 
sod satisfactory evidence for admitting that the erratics 
were transported by the agency of terrestrial glaciers, and 
Uiat, therefore, the tracts of land over which they occur stood 
, at tiiat time above the level of the sea, we are led to the 
conclusion that these continents have subsided since that 
period below the level of the sea, and that over their inun- 
dated portions, animal life has spread, remains of organized 
beings have been accumulated, which are now found in a 
fossil state in the deposits formed under those sheets of 
water. 

Such deposits occur at various levels in different parts of 
North America. They have been noticed about Montreal, on 
the shores of Lake Champlain, in Maine, and also in Sweden 
and Russia ; and what is most important, they are not every- 
where at the same absolute level above the surface of the 
ocean, shewing that both the subsidence and the subsequent 
upheaval which has again brought them above the level of 
the sea, have been unequal ; and that we should therefore 
be very cautious in our inferences respecting both the con- 
tinental circumatanoes under which the ancient glaciers were 
formed, and also the extentof the sea afterward, as compared 
witli its present hmits. 

The contrast between the unstratified drift and the eob- 



t 



116 Drift formed on Land. 

sequently stratified dejioaita is so great, that they rest tvet 
whei^ uucont'ormably upon each otiier, shewing distinct^ 
the diftVrence of tlie ageDcy under which they were accua 
lated. This unconformable superposition of marine drin 
upon glacial drift is so beautifully shewn at the above-men- 
tioned locality near Cambridge (see diagram, p. 114.) In this 
case the action of tides in the accumulation of the stratified 
materials is plainly seen. 

The various heights at which these stratified deposits oc- 
cur, above the level of the sea, shew plainly, that since their 
accumubtion the main land has been lifted above the ocean 
at different rates in different parts of the_ country ; and it 
would he a most impoi-tant investigation to have their abso- 
lute level, in order more fully to ascertain the last changes 
which our continents have undergone. 

From the above mentioned facts, it must be at once obvi- 
ous that the various kinds of loose materials all over the 
nortbera hemisphere, have been accumulated, not only under 
different circumstances, but during long-continued subseqnenti 
distinct periods, and that great changes have taken plai 
since their deposition, before the present state of things wa 
fully established. 

To the first period, — the ice period, as I have called it,- 
belong all the phenomena connected with the transportatioi 
of erratic boulders, the polishing, sci-atching, and furrowinj 
of the rocks, and the accumulation of unstratified, scratched 
and loamy drift. Dm'ing that period the mainland seem 
to have been, to some extent at least, higher above the leva 
of the sea than now ; as we observe, on the shores of Greai 
Britain, Noi-way, and Sweden, as well as on the eastenf 
shores of North America, the polished surfaces dipping undei 
tlie level of tlio oeean, which encroaches everywhere upM 
tlie eiTatics proper, effaces the polished surfaces, and remodel 
the glacial drift. During these periods, large terrestt 
animals lived upon both continents, the fossil remains i 
which are found in the drift of Siberia, as well as of thi 
continent. A fossil elephant, recently discovered in Vermoi 
adds to the resemblance, already pointed out, between 1 
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northern drift of Europe and that of North America ; for fos- 
sils of that genua are now known to occur upon the northern- 
most point of the western extremity of North America, in New 
England, in Northern Europe, as well as all over Siheria, 

To the second period wo would refer the stratified deposits 
resting upon drift, which indicate, that during their deposi- 
tion the northern continent had again extensively subsided 
under the surface of the ocean. 

During this period, animals, identical with those which 
occur in the northern seaa, spread widely over parts of the 
globe which are now again above the level of the ocean. 
But, as this last elevation seoma to have been gradual, and is 
even still going on in our day, there is no possibility of tracing 
more precisely, at least for the present, the limit between 
that epoch and the present state of things. Their continuity 
eeems almost demonstrated by the identity of fossil-sheila 
found in these stratified deposits, with those now living 
along the present shores of the same continent, and by the 
fact, that changes in the relative level between sea and main- 
land are still going on in our day. 

Indications of such relative changes between the level of 
the waters and the land are also observed about Lake Supe- 
rior, And here they assume a very peculiar character, as 
the level of the lake itself, in its relation to its shores, is es- 
4«nsively changed.* 



Description o/lheMarine Telescope. By JoHS Adie, F.R.S.E., 

F.R.S.S.A. Communicated by the Author. 

The insti'ument which has been popularly named the 

Water, or Marine Telescope, from the power given by its 

use to see into the water, consists of a tube of metal or wood, 

of a convenient length, to enable a person looking over the 

:^nnel of a boat to rest the head on the one end, while the 

<»ther is below the surface of the water ; the upper end is so 

^DTined, that the head may rest on it, both eyes seeing freely 

ito the tube. Into the lower end is fixed (water-tight) a 

iround Lake Superior is 
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plate of glass, whicb, vrliea used. Is to be kept under the b 
face of the water. 



A 




Averyconyenient size for the instrnment represented in the 
above figure, is to make the length AC, 3Feet, and themouth A, 
where the face is applied, of an irregular oval form, that both 
eyes may see freely into the tube, with an indentation on one 
side, that the nose may breathe freely, not throwing the mois- 
ture of the breath into the tube. B iaa round plate of glass, 8 
inches diameter, over which is the rim or edge C ; this rim is 
best formed of lead, J of an inch thick, and 3 inches deep; 
the weight of the lead serves to sink the tube a little into the 
water. Holea must be provided at the junction of B to 0, 
for the purpose of allowing the air to escape, and bring the 
water into contact with the glaas ; on each side there is a 
handle for holding the instrument. This size and form is 
very much that of the instrument brought from Norway by 
John Mitchell, Esq., Belgian Consul, of Mayville, with th« 
improvement for excluding the breath, and allowing the water 
to get into contact with the glass, which was not pr<mde4; 
for in that instrument. 

The reason why we so seldom see the bottom of the sea, 
or of a pure lake, where the depth is not beyond the powera 
of natural vision, is not that the rays of light reflected irom 
tbe objects at the bottom are so feeble as to be imperceptible 
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to our sense, from their passage through the denser medium 
of the water, but from the irregular refractions giyen to the 
rays in passing out of the water into the air. caused by the 
constant ripple or motion of the surface of the water, where 
that refraction takes place. Reflections of light from the 
Hurface also add to the difficulty ; and before we can with any 
just hope expect to see the objects distinctly at the bottom, 
these obstructions must be removed. 

This is done to a very great extent by the use of the inr 
Btniment which foiTus the subject of this notice; the tube 
serves to screen the eyes from reflections, and the water 
being in contact with the glass plate, all ripple is got rid of, so 
that the spectator, looking down the tube, sees all objects at 
the bottom, whose reflective powers ai-e able to send off rays 
of sufficient intensity to be impressed on the retina, after suf- 
fering the loss of light caused by the absorbing power of the 
water, which obeys certain fixed laws, proportionate to the 
depth of water passed through ; for as light passing through 
pure sea- water loses half its intensity for each 15 feet through 
which it passes,* we must, from this cause alone, at a certain 
depth lose sight of objects of the brightest lustre. The per- 
fect purity of the water, and its freedom from all muddy 
particles floating in it, form an important element in the 
eflfective use of the water-telescope ; for example, in the 
Frith of Forth, and similar estuaries, where the influx and 
reflux of the tide keep particles of mud in constant mo- 
lion, the instrument is of little or no use ; for these act in 
exactly the same way in limiting our vision through water, 
as a fog does through the air : it is therefore only in the 
pure waters of our northern and western shores that this 
contrivance is applied with any advantage ; and in such 
situations we can speak of its powers with confidence, 
In a trial made with the instrument last autumn on the 
west coast of Scotland, the bottom was distinctly seen (a 
white bottom) at a depth of 12 fathoms ; and on a blackt 
rocky bottom, at 5 fathoms under water, objects were so dis- 
tinctly aeen that the pnrts of a wreck were taten up — the 
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exact place of which was not known previous to its use. 
these experiments a lenticular form of glass was made 
of at the bottom of the tube, having a plane surface to 
water, but no great or marked advantage was observable froH 
this construction. With respect to the history of this coQ 
trivance for viewing the bottom of the sea, we are unable < 
assign any particular date : so far as our information goes, 
has been in use from a very remote period. We are informoi 
Hiat it is in general use in seal-shooting alosg our northefl 
and western islands, where, sometimes in the form of a) 
ordinary washing-tub, with a piece of glass fixed in its bot 
tom, the shot-seal was looked for, and the grappling- hooi 
let down to bring him to the surface. It may not he gene^ 
rally known, that in seal-shooting, the shot or wounded 
always seeks the bottom, from which he never rises afteE 
death, till washed ashore by the action of the sea: it is onljl 
when the fatal hall deprives him of the power of diving that 
he is ever found at the surface. In such employments, there* 
fore, the use of this instrument, however modified, must form 
an important auxiliary to the best rifle. Throwing oil o 
the surface of the water is used in the same pursuits ; but this 
only BO far stills the ripple, leaving the reflections. Our 
eminent engineer, Mr Robert Stevenson, made use of tbe^ 
water -tele scope more than 30 years ago, in works connect- 
ed with harbour improvement in the north of Scotland ; ifc 
has also been used to examine the sand-banks, &c., at the 
bottom of the River Tay, but in this case the mud prevented 
its use in any considerable depth of water. To obviate thi( 
difliculty, the construction was modified thus : by makinj 
the tube of considerable length, and placing the glass at thd 
lower end, this tube was thrust through tho water till withiq 
a few feet of the bottom, acting as a coSerdam to set asids 
the dirty water, and enable the bottom to be seen; but in 
this method of application it was found very difiicult to hold 
the tube down in the water from its buoyant power, and we are; 
informed by Mr Thomas Stevenson, C.E., that, he understood: 
from tliis cause its use had been discontinued. He sug- 
gested a simple remedy ; viz., to fill up the empty tube with 
water. We are indebted to Mr Mitchell, the gentl. 
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man already mentioDed, for having brought this insti-mnent 
into notice in the public priuta, under the name of Nor- 
wegian water-telescope, on the shores of which country it 
is stated to be much used in fishing — in particular, that of 
the herring : but the herring-fiahera on the east coast of 
Scotland inform us, that they require no such auxiliary, as, 
from the surrounding elevated grounds, they can tell the 
position of the shoal, and, from their motions seen from such 
situations, they know where they are to be found when they 
go out a-fishing.* 



■r-teloscope ii 
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s noticed in a, very promising periodical, tlie 
ific Diicoyery, jnst pnbliahad, of which a copy 
reached us a, few daya ago. — Bd, Fhil. Joaraal. 

The vater-teleecopfl ie an instrument which the people of Korway have foimd 
«f so great utility, that there is scarcely a single fiahiDg-boat without one of 
three or four fpet in length, which they carry in their boats with them whati 
they go a-fiehing. When tliey reach the fishing-grounds, tbey immeree one and 
of this teleMQpG in the water, and look through the glass, which shews objects 
some ten or fifteen fathoms deep as distinctly as if tbey were within b foot of 
ths surface. When a shoal of fish comes into tbeir bayq, the Norwegians in- 
stantly prepare their nets, man their boats, and go out in pursuit. The first pro- 
cess Is minutely to survey the grounci with their glaaaee. and where they find 
the fiih swarming about in great numbers, tbey give the signal, and surround 
the fish with their large draught-nets, and often catch fhem in buudreds at a 
time. Without Iheaa t«!esco|)eB their husineaa would often prove precarious 
and unprofitable; as the £ah, by these glasses, are as diBtinctly aeen in the deep, 
«lear sea of Norway, as guld-flsb in a crystal jar, This icstrument is not only 
-used by the fishermen, but is also found aboard the navy and coasting-v easels 
of Norway. When their anchors get into foul ground, or their cables warpad 
on a roadstead, tbey iiamediataly apply the glass, and, guided by it, take slops 
to put all to rights, which they could not doao well without the aid of thorude 
and simple iastrnment, which the meanest fisherman can make up with bis own 
bands, without the aid of a craftsman. This instrument has been lat«ly adopted 
by the Scotch iifhermen on the Tay, and, by its assifltanco, they have been 
enabled to discover stones, boioa, and uneven ground, over which tbeir nets 
travel, and have found the tuleacope answer to aitiuiratlon, the minutest object 
in twelve feet of water being as clearly aeen as on the aurface. We see n« 
reason why it could not bo nsed with advantage in the rivers and bays of tha 
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Experimental Itmestiffaliong lo Discover the Cause of the Change 

which lakes place in the Standard Points of Thermomelert. 

By John Adie, F.R.S.E., r.R.S.S.A. Communicated by 

the Author. 

It has long been known to expeHmentaUstB that, in ther- 
mometera constructed with the grea,te8t care, a change takes 
place after a lapse of time in the standarcl points, as ^ven 
by the melting of ice and boiling of water under a fixed pres- 
sure ; on this account it has been recommended by most 
writers, where the employment of thermometers is treated 
of, that they should from time to time be compared one with 
another, and also at the freezing point. This change is a 
rising of the mercury in the tube, so that, after a lengtb of 
time, the mercury will not sink to the point laid off in the 
construction of the instrument. To investigate to wliai 
cause this change was due, formed the object of my experi- 
ments : Was it a ohange in the glass of which the bulbs 
are formed, or in the mercury with which they are filled \ I 
was aware that thermometers filled with alcohol were not 
subject to this change, which would lead to the inference, 
that the change was in the mercury and not the glass; but 
then, in the spirit- thermometer, air is left above the column 
of spirit, whereas, in those constructed with mercm-y, the 
air is expelled, and there is a vacnura above the column ; 
consequently, the bulb is pressed together with the force of 
an atmosphere on all sides ; might not this force, acting for 
a length of time, cause some small alteration in the arrange- 
ment of the particles forming the glass of the bulb % 

This is the explanation accepted by moat of the Italian 
and French writers on this subject. Some suppose that the 
mercury may contain air and moisture w^ithin its particles; 
but such a hypothesis I think inadmissible, as in the ease of a 
vacuum over the mercury, these particles would seek the void, 
and cause rather a depression than a rising of the freezing 
point. Mr Daniell, in his Essay on Climate, adopts the same 
view ; and Sir John Herschel, in his article " Heat," in the 
Encyclopaedia Metropolitan a, says : " The freezing point upon 
the mercurial thermometer has been supposed to undergo 
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some eliglit variation, so as to appear too low upon the ecalea 
ofthoseinatruments which have been long made; and it is said 
that, in Bueh cases, the just indication was again recovered by 
breaking off the end of the atem, so as to admit atmosplierie 
air." But, as I had observed that the change went on for a 
time only, after which it ceased, and that it affected thermo- 
meters sealed with air over the mercury, as well as those 
with a vacuum, I undertook the following experiments : — 

In September 1848 I made four thermometers having long 
degrees, — such that ^V" might be easily noted, constructed of 
the same draft of glass tube ; two of these I placed in boiling 
water, and kept them at that temperature for a week : my 
object in this was to learn if any change in the form of the 
bulb would take place from this slow process of annealing, as 
glass is known to undergo some change from such exposure. 

The four thermometers were now filled with pure mer- 
cury : two of these were sealed with a vacuum over the mer- 
cury ; one tube that had been boiled, and the other not : the 
other two tubes were sealed with air over their columns, and 
the freezing points of all were marked on the tubes; after 
which they were placed in a window freely exposed to light, 
where they were left till January 1849 — a space of four 
months — when they were again placed in melting ice, and 
the freezing points marked ; they bad risen 24°, ■24°, -ZO", 
■06° parts of a degree. The whole four thei-mometers were 
now placed in boiling water, and kept there for a week, when 
the freezing points were again observed to have risen respec 
tirely -4-8°, -41°, -50", "46°. 

The instrumenta were now left exposed to light as at 
first ; and, in January 1850, the freezing points were again 
observed, when they were found to have farther risen -12", 
■18°, -20°, -13° -, and, lastly, they were observed in May 1850, 
when no change from last observation was notable. 

The whole amount of rising of the freezing point in these 
four thermometers, after a lapse of eighteen months, is re- 
spectively ■84", -83°, '90°, -65" ; and these changes may be the 
foil amount that would take place were the insti-uments ob- 
served after a gi'eater lapse of time. From my experience, 
I know that there is a period after which no change taJces 
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place ; but, from the method iu which these experimentaB 
Itave been conducted, I am not at present in a condition ioM 
assign a time ; moreover, it is evident that this period willH 
be much modified by cireum stances. The results abovft J 
stated form the following Table :— M 




So. 


Descriptioa 


Value of 
Mie Degree 
ofPihr. 


ObHUTed 

rUe, Jan. 
18*9. 


Itbe after 

boTltig 
been boiled 
for « «eek 


Rise at 
Jan. 1850. 


Total 
rise. 


'•{ 


Seotedin 
vatanm, 
not boiled. 


0166 


0-24 


0-48 


012 


0-84 


^■{ 


Sealed in 

vacuum and 

boiled. 


I 0163 


0-24 


0-41 


018 


0-83 


'■{ 


Sealed with 
air, not 
boUed. 


0-199 


0-20 


0-50 


0-20 


0-90 


t-j 


Sealed with 
wr, boiled. 


[ 0-lSi 


0-06 


0-45 


013 


065 


1 


From inspection of the Table, no very remaricable differ-;, 
ance is observable in the rising of these four instruments. 
No. 4 appears to have risen less during the first period, bnt 
^8 along with the others afterwards. The effect of ex- 
losure to the temperature of boiling water shews that, nnder 
iiigh temperature, the change goes on much faster than at 
he ordinary temperature of the air; from the Table it will 
ae observed, that about twice the amount of change v^as ' 
aused by the boiling of the thermometers for a week, than 
lad taken place between the first and second observations, 
i period of four months. 

ubes for eight days, previous to their being filled with mer- 
ury, had produced any change on the form of the bulbs ; we 
hould at least infer this from the change in their freezing 
oints keeping pace so nearly with those which had not been 
wUed. 

L 
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I now come to the concluding experiment with these in- 
afcrmnents, and, it appears to me moat interesting and ano- 
malous. The four tubes being placed in pounded ice, the 
columns stood at the points indicated in the last column of 
the Table ; in this situation the tops of the tubes were broken 
off, so as to admit the free pressure of tlie air, and instantly 
the thermometers fell, in the order of their numbers, ■54, -43, 
•40, "35 of a degree, now indicating on their scales + -30, 
+ -40, + 50, + -SS. The remarkable features shewn by this 
experiment are ; first, that the two thermometers sealed with 
vacuum, and the two having air over their columns, should 
have risen nearly equally, when two had their bulbs pressed 
with the whole force of an atmosphere, while the other two 
had no pressure externally, farther than that caused from 
changes in the pressure of the atmosphere. Next, that on 
being opened, those with air over them should have started 
down nearly as much as those with a vacuum ; and on all 
these appears a permanent change from three to five-tenths 
of a degree. I confess that I am very much at a loss to ac- 
count for these singular changes ; atmospheric pressure on 
the bulbs would account for the change in those sealed with 
a vacuum ; for we can easily suppose that a permanent form 
had been taken from long exposure to that pressure by the 
glass forming the bulbs : besides this permanent form, there 
appears to have been a spring inwards, which instantly 
sprung out on removal of the pressure by the admission of air 
over the mercury ; but the same reasoning will not apply to 
the thermometers having air over the mercury ; and before 
I attempt t-o make any suggestions as to the cause of these 
changes, I propose to institute the following exporiments. 
Having had three thermometers blown and filled with mer- 
cury, I shall make one with a perfect vacuum over the mer- 
cury, the next with air over it, and the third with air con- 
densed over it; and, noting the changes that may go on in 
these, I hope to be able t'l assign a cause or causes for tlie 
change. It is argued by some continental UTiters on this 
subject, that the reason why we do not perceive any change 
in the freezing point in spirit- thermometers is from the great 
expansion of spirit above mercury, volume for volume, tKftva- 
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by requiring a much smaller mass of fluid to give ttie s 
leDgtli uf a degree : this I propose to test by making a ther- 
mometer with the same size of tube and bulb as those to be 
experimented on with mercury. In mentioiiiag these experi- 
ments to Professor Forbes, he kindly put me in possessioD of 
some spirit- thermometers, one of these, made in 1837, having 
a very iarge bulb — this, with three others, shewed no change 
in the places of their freezing points. 



Ottervalions on (he Digcocery, 6y Professor Lepsius, of Scutp^ 
tured Marks on Rocks in the Nile Valley i» Nubiai indicate 
ing that, reithin the historical period, the river had fioned at 
a higher level than has been knojvn in Modern Times. B^ 
liEONAKD HORSER, Esq., F.E.S.S. L. & E„ F.G.S. 
Communicated by the Author. With a Plate. 

The recent archaiologcal researches of Profesgor Lepsius in Egypt, 
and the Valley of the Nile, in Nubia, liave given a deserved celebrity 
and authority to his name, among all who take an interest in thft 
early history of that remarkable portion of the Old World. White 
examining the ruins of a foHress, and of two temples of high antiquity 
at Senme, in Nubia, he disuovered marks cut in the solid rocks, and' 
in the foundation-stones of the fortress, indicating that, at a rery r 
mote period in the annala of the country, the Nile most hare flowed 
at a level considerably above the highest point which it has evOf 
reached during the greatest inundations in modern times. This w 
markable fact would posEess much geological interest with respect 
to any great river, but it does so especially in the case of the Nile. 
Its annual inundations, and the uniformity in the periods of its riss 
and fall, have been recorded with considerable accuracy for many 
centuries ; the solid matter held in suspension in its waters, slowly' 
deposited on the land overflowed, has been productive of changes ifl 
the configuration of the country, not only in times long antecedeni^ 
to history, but throughout all history, down to the present day. OF 
no other river on the earth's surface do we possess such or similar 
records ; and moreover, the Nile, and the changes it has produced 
on the physical character of Egypt, are intimately associated with 
the earliest records and traditions of the human race. EverytluD^ 
therefore, relating to the physical history of the Nile Valley mui* 
always be an object of interest ; but the discovery of Professor Lep-' 
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IB <yBa peculiarly deseiTing the attention of the geolagjat ; fur he 
dooe not tiierelj reeorf tho t'£u;t9 of the markings of the former high 
le»el of the riyer, but ho infers from these marks, that since the 
nign of Mteris, about 2200 years before our era, the entire bed 
of the NUe, in Lower Nubia, must have been excavated to a depth 
of about 27 feet ; and he further speculates as to the process by 
which he believes the excavation to have been effected. 

It will be convenient, before entering upon the observations 1 have 
to offer upon the cause assigned by ProfesBor Lepsius for tho former 
higher levels of tlie ^ile indicated by these marks, that I should 
give the description of the discovery itself, by translatiug Dr Lep- 
biub's oirn account of it, in letters which he addressed to his friends, 
ProfeBSore Ehrenberg and Biickh of Berlin, from the island of Philaa, 
* September 1844.» 

"You may probably reroenibor, when travelling to Dongola on the 
Lybian side of the Nile, and in passing through the district of Batn el 
hag^r, that one of the most considerable of tho cataracts of the country 
occurs near Senme, a very old fortress, vrith a handsonie temple, built of 
tondetone, in a good state of preservation ; the track of the caravan 
psBBing close to it, partly over the 4000-year-old artificial road. The 
track on the eastern bank of the river is higher ap, being carried through 
tiie hills ; and you must turn oiF from it at thii point In order to see the 
oaitaract. This Nile-pass, the narrowest with which I am acquainted, 
according to the measurement of Hr. Erbkam, is 380 metres (1247 En- 
glish feet) broad ;j' and both in itself, and on account of the moiiuioents 
existing there, is one of the most interesting localities in the country, and 

passed twelve days In its examination. 

' The river is here confined between steep rocky clifl's on both sides, 
whose summits are occupied by two fortresses of the most ancient and 
most massive construction, diBtitiguishable at once from the numerous 
Other forts, which, in the time of the Nubian power in this land of cliffs, 
were erected on most of the larger islands, and on the hills commanding 
the river. The cataract (or rapid) derives its name of Senine from that 
of the higher of the two forlresses on the western bunk ; that on the 
Opposite bank, as well as a poor village lying somewhat south of it, is 
called Kumme. In both fortresses the highest and best position is occn- 
jiied by a temple, built of huge blocks of sandstone, of two kinds, wbicb 
must have been brought ^m a great distance through the rapids ; ibr, 
■oQthwanl, no sandstone is found nearer than Gebel Abir, in the neigh- 
bourhood of Amara and the island of Sai (between 80 and 90 English 
miles), and northward, there is none nearer than the great division of 
the district at Wadi Haifa (30 miles distaJit.) 

" Both temples were built in the time of Tutmosis III., a king of the 
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XStli dynasty, aboot 1600 yaors-before Christ; but the foiliesBM 

which they stand are of a more ancient date. The foondations of theai 
are granite blocks of Cyclopia!) diniensinns, resting on the rock, 
scarcely inferior to the rock itself in durability. They were erected 
the first conqueror of the coimtiy, King Sesuatesen III., of the 12th 
dynasty, in order to ooinmand the river, so easily done in so narro' 
gorge. The immediate successor of this king was Amenemha Til., 
Mteris of the Greeks : he who accomplished the gigantic vfork of form 
the artificial lake of Moeris, in the Fayoiun, and &om whose time — 
most flourishing of the wbole of the old Egyptian kingdom — the risl 
of the Nile in sucoessive years, doubtless by means of regular markii 
as indeed Diodorua tells, remained so well known, that, according t 
Uerodotus, they were recorded in distinct numbers from the time of Misrift 
It appears that tbis provident king, occupied with great schemes for tl 
welfare of hia country, considered it of great importance that the risin/ 
of the Nile on the moat southern border of his kingdom should be c~ 
served, and the resulta forthwith comiaunicated widely in other parts a 
the land, to prepare the people for the inundations. The gorge at Si 
offered greater advantages for this object than any other point; becaa4 
the river was there securely confined by precipitoos rooty cliffs o 
side. With the same view he had doubtless caused Nilometera to \ 
fixed at Assuan and other suitable places; for without a comporisf 
with these, the observations at Semne could be of little use. 
" The highest rise of the Nile in each year at Serane, we 
by B msjk, indicating tbe year of the king's reign, cut in the gr&nib 
either on one of the blocks forming the foundation of the fortress, ( 
the cliff, and particidarly on the east or right hank, as best adapted fi 
tbe purpose. Of these markings eighteen still remain, thirteen of thei 
having been made in the reign of Mceris, and five in the time of his ti 
next BuocesBors. These last kings discontinued the observations ; for, 
the meantime, the irruption of the Asiatic pastoral tribes into Lot 
Egypt look place, and wellnigh brought the wbole kingdom to rn 
The record is almost always in the same terms, short and simple : . 
enHaiii em riinpc . . . mouth or gate of the Nile in the year . 
And then follows the year of the reign, and the name of the king, 
is written in a horizontal row of hieroglyphica, included within two Una 
— the upper line indicating the particular height of the water, i 
specially stated — 



wiiO f^in dAi 



" The earliest date preserved is that of the sisth year of the king*< 
reign, and he reigned 42 years and some months. The next foUowin; 
dates are, the years 9, 14, 15, 20, 22, 23, 24, 30, 32, 37, 40, 41, i 
43; and include, therefore, under tbis king, a period of 37 years. Of tlu 
remaining dates, that only of the 4th year of his two BuccessorB is a 
able : all the others, which are on the west or left bank of the t 
have been moved from their original place by the rapid floods whi 
have overthrown and carried forward vast masses of rock. One e' 
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bonly, that of tt 
origind pluoe on 
principal rapid.'* 

'" We have cow to consider tbe roiatioa which theao^the most ancient 
of all existing marks of the risings of the Nile— bear to the levels of the 
; in our own time. We have here presented to ub the remarkabla 
faxAa, th&t the highest of the records now legible ; viz., that of the 30th 
year of tbe reign of Amenemha, according to exact measurements which 
I made, a 8'17 metrea (26 feet 8 inches) higher than t)ie highest level 
to which the Nile risea in years of the greatest floods ; and further, that 
tbe lowest mark, which ia on the east bank, and indicated the 15th 
fear of the same king, ia still i-14 metres (13 feet 6^ inches) ; and the 
iingle mark on the west bank, indicating the 9th jear, is 2 i*? metres 
(9 feet) above the same highest level. 

"" The mean rise of the river, recorded by the marks on the oast bank, 
Airing the reign of Mcerifl, is 19'14 metres (62 feet 6 inches) above the 
lowest level of the wafer in the present day, which, aocording to the 
■tatements of the most experienced boatmen, does not change from year 
to year, and therefore represents the actual level of the Nile, indepen. 
deatly of its increase by the falls of rain, in the mountains iu which its 
■ources are situated. The mean rise above the lowest level, at the pre- 
»Bnttime, is 11 ■84 metrea (38 feet 8 inches); and, therefore, in the time 
of Maris, or about 2200 years before Christ, the mean height of tbe 
river, at tbe cataract or rapid of Semne, during the inundation, was 
7'30 metres (23 feet 10 inches) above the mean level in the present 

Such are the facts recorded by Dr Lepsius; and then follow, in 
thesame letter, his views as to the cause of tho remarkable lower- 
ing of the level of the river. 

" There is certainly no reason for believing," ha says, " that there has 
treen any diminution in the general volume of water coming from the 
■ontb. The great change in the level can, therefore, only be accounted 
Jbr by gome changes in the land, and these must also have altered the 
wholo nature of the Nile VaUey. There seems to be but one caase for 
fhe very considerable lowering of the Nile ; namely, the washing out and 
excavations of the catacombs {Aiitwaicfien und Aufhiihn der Katahom- 
Ami) ; and this is quite possible from the nature of the rocks them- 
■elves, which, it ia true, are of a quality that could not well be rent 
asunder, and carried away by the mere force of the water, but might 
le acted upon directly by the rising of the water-level, and the con- 
•eqnent effects of the sun and air on the places left dry, caasing cracks. 
Into which earth and sand would penetrate, which would then give rise 
ia still gKater rents, ontil, at last, the rocka would of themselves fall 
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in . hf having been halloired out . a pnuvs^ that ivonU be 
tliiMe partn ul' the hills where tuiVer and earth; bed* esisUid. and irtiigh 
wiiuld be more tatnlj washed ana;. But thai, in hiMorii^ times, within 
n pcri'd ufsbout 400(1 yean, so great im Blttratioii Bhoald lake plaoe in 
the harui-st rocks, is a f«ct of tlie most remsrluble kind. — one which may 
■fford gruund for man}' other uii]>uTt&nl oinsiileratioDs. 

'■ The elevatian of the water-level at Semne mast necesearilj bKTB 
ferted all the lands above ; and, it !e tu be ^ref umed. that the lerd of ' 
priivinee of Doogola was at one time higher, as Semne cannot ' 
place in the hiig tract of clifid where the bed of nick has been tioTlowed 
uat. It is to be euuceived, therefore, that not onlv the widelj-exteuded 
tracts in DongoU. but those of all the higher wjtmtry in Meroe, and 
far Dp as Fasogle. which, in the present Aa.v, are dry and barren on 
sides of the rirer, and are with difficulty irrigateil by artilinal oont 
ranees, must then have presented a rory different aspect, whoa the Ni 
overflowed them, and yearly deposited its fertile mud to the limits 
wndy deaert. 

■' Lower Nubia also, betaeen Wadt Haifa and Assuan, b no 
almost throu^out its whole extent. The present land of the vaUejIj 
whinh is only partly irrigsled by water-wheels, is, on an average, from 
to 12 feet higher thou the level to whkh the Nile now rises : and althot 
the rise at Semne might lisve no immediate influence upon it, yet 
has occiuTod there makes it more than probable, that at Assuan there 
formerly a very different level of the river, and that the cataracts tht 
even in the historical period, have been considerably worn dotm. 
continued inpovetishinent of Nuhin is a proof of this. 1 have no m 
of doubt that the land in tliis lower part of the valley, which, as alreadi 
stated, is at present about 10 feel above the highest rise of the Nile, 
inondated by it within historical lime. Many marks are also met wit 
here, that leave no doubt regarding the rendition of the Nile Valley ant*-' 
cedent to history, when the river must have risen much higher; for it has 
left an alluvial soil in almost all the considerable bays, at an average 
height of 10 matres (32 feet 9 inches) above the present mean rise of the 
river. That aUnvial soil, since that period, has doubtless been consider- 
ably diminiBheil in extent by the artion of rain. On the 17th of Aoguat 
llr. Erbkom and I measured the nearest alluvial hillock in the neighboor- 
hood of Komsko, and found it 6-91 metres (22 feet 7 inches) above the 
general level of the valley, and 10-26 metres (33 feet 7 inches) above the 
present mean rise of the river. That rise, which at Semne, on account 
of the greater confinement of the Btroara between the rocks, varies as much 
as 3-10 metres (7 feet 10 inches) in different years, varies at Korusfco less 
than 1 metro (3 feet 3 inches), 

■■ Near Abusimbel. on the west bank, I found the ground of the temple 
6' 50 metres (21 feet 2 inches) above the highest waler-lei-el. This temple, it 
ii weUknown, was built under Rameses the Great, between 1388 and 1322 
years before Christ. Near Ibrim there are, on the east bank, four grottoes 
excavated in the vertical rock that boimds the river, which belong partly to 
the Itfth and partly to the 19th dynasties : the last, under Kamaes the Great. 
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o the lowest, and only 2'60 metres (8 feet 1 inch) above the highest 
inimdatioii : the next in height is 270 metres (S feet 9^ inches) above the 
Ibnner, and was made 250 jears earlier, under Tutmes III. Although I 
inly measured the present level of the vallej near Koroeko, nevertheleis 
it appears to me that, during the whole of tho new kingdom, that is, irom 
about 1700 years before Christ to this time, the Nile has not reached ia 
the full height of the low land of the valley. 

It is, however, conceivable that, at the time when, the present low 
land of the Nubian Valley was formed, the catarairts at Aasuan were in a 
totally different state ; one that would, in some degree, justify the over- 
chargod descrijitions of the anuients, according to whom they made so 
great a noise that the dwellers near them became deaf. The damming up 
of the inmtdation at Assiutu could have no material influence on Egypt, 
any more than that at Semne, or the land from tlience to Assnan." 

It appears therefore, from the above statements, that at the time 
tiientioned, the Nile, during the inundations, stood 26 feet 8 inohes 
higher than the highest level to which it now rises in years of tho 
greatest floods ; and that, to account for this. Professor Lepaius con- 
ceives that, between the time of Mcesis and the present day, the bed 
of the Nile, from a considerable distance above Semne to Assuan, 
must have been worn down to that, extent. In the index to the 
ne of the Berhn Monatsbericht, in which the letters of Profes- 
sor Lepsius are inserted, there is the following line: — 

Nil, eenkung idnes Better it»i 25 Fuse idt 4000 Jahreii." 
NUe, sinking of its bed about 25 feet (Paris) within the last 4000 
jeaM." 

Rivers are, undoubtedly, among the most active agents of change 
that are operating on the earth's surface ; tho solid matter which 
renders their waters turbid, and which they unOL'asingly carry to the 
sea, afford indisputable proof of this agency. But the power of 
rivers to abrade and wear down the rocks over which they flow, and 
to form and deepen their own bed, depends upon a variety of eir- 
curastances not always taken into account ; and although the great 
extent of that power, in both respects, is shewn in the case of many 
rivera, to conclude, as some have done, from these instances, that all 
rivers have excavated tho chaiinels in whluli they flow, is a gene- 
ralization that cannot be saft-ly assented to. The excavation of tho 
bed of a river is one of those problems in geological dynamics which 
can only be rightly solved by each particular case being subjected to 
the rigorous examination of the mathematician and the physicist. 
The solid matter which rivers carry forward is in part only the pro- 
duce of their own abrading powei' ; and the amount of it must be 
proportional to that power, which is mainly dependent on their 
Telocity ; they are the recipients of the waste of the adjoining lands 
by other combined agencies, and the carriers of it to the lower dis- 
tricts and to the sea. They often afford the strongest euidenoe of 
\1 



the vast lapse of time that must be included between the b _ 
ftnd close of a geulogiciLl period ; and, when they flaw Uirou^ 
oountrieB whose remote poUtioal history is known to ub, they GupptJ 
a scale by which we may measure and estimate that lapse of t 
This is especially so in the case of the Nile. 

When so startling an hypothesis as thai now referred to, yiz^ 
the entire bed of so vast a rirer as the Nile, for more than 35( 
miles, ^oni Semite to Assuan, has been excavated, within historical 
time, to a depth of 27 feet, is made by a person whose name oi 
so much weight in one dispartment of philosophical inquiry, th; 
statement involves such important geological considerations, that H 
becomes the duty of the geologist to examine, and thoroughly test thi 
eoundnoss of the explanation, in order that the authority of Pro< 
fosaor LepsiuB, for the accuracy of the facts observed, may not tx 
too readily admitted as conelusire for the correctness of his theory a 
the cause to which they owe their existence. That there has been 
such an undoubting admission, appears from the following passage 
in the work of one of the latest writers on Nubia : — 

" The translation of the name of this town (AswSn) is ' the opening ; 
and a great opening this once was, before the Nile had changed its obi 
Tacter is Ethiopia, and when the more ancient races made this rock (i 
the flrst cataract) their watch-tower on the frontier between Egypt an 
the south. That the Nile has clianged its character, south of the fin 
cataract, bos been made dear by some recent eiamijiations of the short 
and monuments of Nubia, Br Lepsioa has discovered water-marks < 
high on the rocks and edifices, and bo placed as to compel the coi 
that the bed of the Nile has sunk extraordinarily by some great 
process, either of convulsion or wear. The apparent eiaggeratit 
some old writers about the cataracts at Syene may thus be in some 
sure accDnnted for. If there really was once a cataract here, instead 
the rapids of the present day, there is some eicuse for the reports 
&om hearsay by Cicero and Seneca. Cicero says, tiiat ' the river throi 
itself heaiUong from the loftiest mowitains, so that those who live i 
are deprived of the sense of hearing, from the greatness of the 
Seneca's accomit is : • When some people were stationed there by the Peiv 
sians, their ears were so stunned with the constant roar, th 
necessary to remove them to a more quiet place,' " * 



Note. — The learned author of an article on Egyptian ChronologJ 
and History in the "Prospective Review" for May 1850, in refef* 
ring to ihe contributions of Professor Lopsius to Egyptian history 
says, " He has discovered undescribed pyramids, equal in namber t( 
those known before ; has traced the Labyrinth, and ascertained Ha 
founder. He has deteeted inscription on the banks of the Mla^ 
which show that ita bed haa mbsided many feet in fiittorio timei,* 
QthJune 1850, 
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Id the assumption of au excavation of thu beJ of tlio rivtr, wo 
have DO small amount of wear to dc'al with, fur the distancu from 
Semne to Assuan, following the course uf the river, ie not less than 
250 miles; and if, as Profesior Lejuiius supposes, the eicavatioD 
estonded to Meroe, we have a distonuo, between that plaue and 
Assuan, of not leas than 609 milss. 

Although these reuords of a former high level of the Nile at 
Semna had not been noticed by any tvaveller prior to Professor 
Lep&ius, we may rest fully assured of the accuracy of his Etalements, 
from the habitual care and diligence, and the established character 
for fidelity, of the observer. The silence of other traveUei's may be 
readily accounted for by this, that none of them appear to have re- 
mained more than a very short time at this Kpot — not even the dili- 
gent Suseegger — whereas we have seen that Professor Lepsius 
passed twelve days in the examination of this gorge iu the Mils 
VaUey. 

The theory of a lowering of the bed of the river by wearing, in- 
volves two main considerations, viz., the power of the stream, and 
the degree of hardness of the rocks acted upon. The power depends 
upon the volume and velocity of the river — the velocity on its 
depth, and the degree of inclination of the bed : the hardness of the 
rocks we can form a tolerable estimate of when wa know their na- 
ture. To judge, therefore, of the probability of the hypothesis of 
Professor Lepsius, we must inquire into the physical and geological 
features of the Nile Valley, in Nubia. 

In the observations I have now to ofier, my information has been 
derived of course entii'ely from the works of othor travellers, parti- 
cularly those of Burckhardt, Riippell, and RuBsegger,* and especi- 
ally the Iatter,'who travelled in Nubia in 1837; for he not only 
enters far more into the details of the natural history of the country, 
but he is the only traveller in Nubia who appears, from previous 
aoquirements, to have been competent to describe its natural history 
with any degree of accuracy — I refer more particularly to the physi- 
cal and geological features of the country. Besides full descriptions 
* 1 bia volumes, he has given a geological map of Nubia, and also 
several sections, or what niay more properly be called vertical 
aketcheg~a term that would, perhaps, be a more appropriate designa- 
tion for all sections that are not drawn to a true scale, or at least 
when the proportion of height to horizontal distance is not stated. 

The Phyfical Geography of Lower NMbia.\ 
informs us,t that be believes he was the first traveller 
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who bad succeede<l in making a series of banmietrjcal 
Along tbe Nile Vallej, from the Mediterranean u> Sennaar and Konlo- 
fan, and thence to the 10th degree of north latitode. He gives tb 
following altitndee, above the seA : — 

I^ii* Peet. Knitltob Fw 
The Dpper part of the Cataract of Assoao, 312 = 364-37 
Konulco, on ibe right bank of the Nile, in 

Nnbia, . . . 450 = 479-43 

Wadi-Halfa. . . . 490 = 522-00 

New Dongola, . . . . 757 = 606-5S 

AbaHanuned, . 963 =<: 1026-00 

I (thajl now gtva the length of the Nile along its course fram Abu 
Hammed to the island of Philie, at the head of the cataract 
Aisuan. I employ for thb purpose the map in the atlas which aa-. 
companies the work of Russegger, which bears the date of 1846, 
and which, doabtlees, was constructed on the best authorities. B» 
mentions a map of General Ton Prokesdi with great praise.* 
flows:— 

GermaD M. EngUah U. 

From KB. to SW., from Abn Hammed to 

Meroe. aboot . . 31 = 150 

It makes a ciure between Meroe and Old 

Dongola, of about . . 16 ^ 77 

It fiowB between Old and New Dongola, 

from SE. lo NW., about . 16 = 77 

Then, with some short windings, nearlj doe 

north to the island of Sais, for abont 30 = 145 

And from Sais to the Island of Phila*, from 

SW. to NE., about 



327 



Making the whole length of the course, 
Abu Hammed to Philte, about 



161 



776 



Ascending the river, we have, between Pbilte and Korusko, a 
tanco of 24 German, or 115} English miles, and withoutanj rapid 
except one near Knlabscbe. Korusko being 115 feet above tlie head 
of the cataract of Assuan, at Philse, we have an avi^rage fall of tha 
river between these two places of a foot in a mile. 

Between K-orusko and Wadi-Halfa there is no rapid. The dia 
tance being 20 German, or 96^ English miles, and the difference 
altitude being 42J feet, we have an average fall throughout that pi 
of the river's course of not more than 5-3 inches in a mile. 

This very inconsiderable fall need not surprise us ; for the ftvt 



* "' tfber den Stromlauf und das zundchat liegende Cferlsnd di 
■wBiten Kftlaraktc bia AMuan, besUian wir eine vortreffliche Karte nuilich :' 
*' Lund iwiBcbeu der kloinin und grossen KnUrakten dcs Nil. 
beatiiumt nnd aafgenammen in J. ISiiT, durch v. ProkeBcb. Nil Grundrissai 
MonnmaDLB. Wien, I831."~-Reisen Bd. ii., Tbl. iii. 86. 
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fall of the Nile in Lower Egypt, at the lowest water, is little morti 
than one-third of that now stated. At the time of the highest water 
the surface of the NUe, at Boulalc, near Cairo ; that is, about 116 
miles in a direct line from the coast is only 43'437 English feet 
above the level of the Mediterranean, and at the time of the lowest 
water, only 17'33 feet. Thus, in the first case, there is an ave- 
rage fell of about 5-00 inches ; in the second, of not more than 1-80 
inches in a mile.* 

Between Wadi Haifa and Dale, a distance of about 94 miles, six 
cataracts, or schollals, as they are called in the language of the 
country, are marked in RuEsegger's map. And here, it ma; 
be as well to notice, that there are no cataracts, in the ordinary 
sense of the term, on the Nile ; no fall of the river over a pre- 
cipice ; all the so-called cataracts are rapids, where the river 
rushes through rocks in its bed ; the rapids varying in their length 
and degrees of inclination. We have no measurements of their 
lengths or of their falls, except as regards the first and second cata- 
racts. The former, according to Russegger, has a fall of about 85 
English feet in u distance of about 8 miles ; and ho describes the latter 
as extending from 6 to 6 Hunden; that is, from 12 to 14^ miles, but 
he does not give the height. Speaking of the schellals above Semne, 
RuEse^er says, that all may be passed in boats without difficulty 
for about six weeks, or two months in the year. This is the case 
also, at the cataract or rapid of Assuan. But between Wadi-Halfa 
and Dale, with some inconsiderable spaces of free navigable water, 
in the ordinary state of the river, there is an almost uninterrupted 
series of rapids. We have no measurement of the height of Dale 
above Wadl-Uulfa, near to which the second great cataract of the 
Nile occurs ; but this is the part of the river's course where the full 
is greatest, and from Seniue to Dale theri; are about 45 mileK of this 
more rapid fall. 

From Dale to New Dongola, a distance of 3-5 German, ur about 
168 English miles, only three rapids are marked on Busseggor's 
map — the highest being at Hannek, about 26 English miles below , 
New Dongola. Nuw Dongola being 806 English feet above 
the sea, and the distance from that place to the rapid of Hannek 
being 26 miles only, we may with probability estimate the surface 
of the river at the rapid of Hannek at 780 feet above the sea. Now, 
Wadi-Halfa being 522 feet, we have a difference of height, between 
these two last-named places, of 268 feet ; and the length of the 
river's course between them being ii36 miles, we have an average 
fall of 13' 12 inches in a mile ; that is, in the part of the river's 
course where nine rapids occur, in the provinces of Batn-el-lladjar, 
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Sukkot, and Dar-el-Mahess, where the ri7er flows over granite and 
other plutonio rocks \ gneiss, mica-echist, and other haiil rocks, whidi 
BuGsefTger considers to be metamorphic. But between Semne and 
the hvud of the second cataract at Wadi-IIalfa, there is not a eon- 
tinooua rapid stream ; for Hoskins says, that about two miles abore 
that cataract, the river has a width of a third of a mile, and, when ha 
passed it the water was Ecareel; ruffled.* 

from the rapid of Hannek to Abu Ifamnied, the distance is 321 
English miles, and the difference of altitude is 246 English feet. Wi 
hare thus an average fall in thai distance of B'OO inclies in a mile. 

Thus, in the 776 miles between Abu Hammed and PhiUe, wi 
have an average fall of the Nile 

Of 9'00 inches in a mile, for a distance of 329 miles. 

Of 13-12 236 ... 

Of5-30 96 -., 

Ofl2-00 115 ... 



Of tfifl Breadtli, Depth, and Vtlodty of the Nile, in Nubia. 

Our information is veiy scanty respecting the breadth and depth 
of the river, either at t!ie time of lowest water or during the i 
dations. About two miles above Pliitsc, it is stated bj Jomardf to 
be 3000 metres, or nearly two English miles wide. At the second 
cataract, or rapid of Wadi-Halfa, it spreads over a rocky bed of 
nearly two miles and a-quarter in width (2000 klafter),t hut 
tracts above the rapid to a third of a mile. Russegger also states, 
that the Nile, near Boulak, In Lower Egypt, is 2000 toises, nearly 
two-and-a-half English miles in breadth, and yet that it is consider- 
ably wider in some parts of Southern Nubia ; but Burckhardt says, 
that the bed of the Nile in Nubia is, in general, much narrower than 
in any part of Egypt. Near Kalabsche, about 30 miles aboTS 
PhiliB, the river runs through a gorge not more than 300 paces wide, 
and its bed is full of granite blocks. It shortly afterwards again 
widens for some distance ; but near Sialla, 78 miles above Philae, it 
is contracted by the sandstone hills on both sides coming so 
each other, that the river's bed is again not more than from 250 to 
300 paces wide. It is about 600 yards broad about two miles alfoTa 
the second cataract near Wadi-llalfa, but is again very much con- 
tracted in the rocky region of Batn-el-Hadjar. At Aulike it is only 
200 paces bruad.§ 

I have not met with any measurements of the depth of the river 
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in any part of its course in Nubia ; but Hoakics describes it as bSing 
BO shallow at tlie island or Sais, 327 miles above Phils, on the Oth 
of June, wlitch would be before the com men cement of the innnda- 
tion, as only to reach the knees of the camels.* Near Derr, about 
86 miles below the Cataract of Wadi-Halfa, Norden, in January, 
found the Hrer so ehallow that loaded camels waded through it, and 
his boat frequently struck the ground. In May, Burckhardt found 
the river fordable at Kostamne, 53 miles above Pliilaa ; and Partboy 
, states, that between Philie and the island of Bageb, to the west of 
it, the river is so shallow before the commencement of the inunda- 
tion, that it may be waded tbrough.t Burckhardt says, that from 
March to June the Nile-water, in Nubia, is quite limpid.^ Miss 
Martineau, who visited Nubia in December and January, speaking 
of the river above Philce says, that it " was divided into streamlets 
and ponds by the black islets. Where it was overshadowed it was 
dark-gray or deep blue, but when the light caught it rushing between 
a wooded island and the shore, it was of the clearest green. '§ At 
the second cataract she describes the river as " dashing and driving 
among its thousand islets, and then gathering Its thousand currents 
into one, proceeds calmly in its course."i| 

Although we have no accurate measurements of the velocity of 
the Nile in Nubia, we may arrive at an approximate estimate of it 
by comparing its fall with that of a river well known to us. 

I have stated the fall of the Nile in different parts of its course 
to be 5-30, 9-00, 12-00, and 13-12 inches in a mile. The fall of 
the 'Itames from Wallingford to Teddington Lock, where the influ- 
ence of the tide ends, is as follows : — 



From Wallingford to Reading Bridge, 
From Reading to Henley Bridge, . 
From Henley to Marlow Rridge, . 
From Mario w to Maidenhead Bridge, 

From Windsor to Staines Bridge, . 
From Staines to Chertsey Bridge, . 
From Chertaej to Teddington Lock, 


Length of 


FaU. 


Fall in 
inches 
permUe. 


18-0 ' 
9-0 
9-0 

e-0 

7-0 
8-0 
4-6 
13-6 


24-1 ' 
19-3 
12-3 
151 
13-6 
15-8 
6-6 
19'8 


15-72 
25-68 
16-20 
22-32 

23-16 
23-53 

17-28 
17-40 


77-4 


125-11 
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" In general, tlie velocity may be estimated at I'rom bcJf-a-niile 
to two miles and three-q^uarters per hour ; but the mean velocity may 
be reckoned at two miles per hour. In the year 1794, ihe late Mr 
llennie found the velocity of the Thames at Windsor two miles and 
a half per hour."" 

It will thus be seen that the velocity of the Nile is probably 
greatly inferior to that of the Thames ; for it appears that, except 
during the inundation, for more than half the year the depth is incon- 
Biderable. The average fall when greatest, that is, including the pro- 
vince of Batn-el-lladjar, where the rapids chiefly occur, is considerably 
leas than that of any part of the above course of the Thames ; go that 
there must be lung intervals between the rapids where the fall must 
be far less than 13 inches i.i a mile. The breadth of the Nile is 
vastly greater ; but supposing the depth of the water to be the same 
as that of the Thames, on account of the friction of the bed, the 
greater breadth would add very little to the velocity. If we ssenme 
the average depth of the Thames in the above distance to be 5 feet, 
and that it flows with an average velocity of 2 miles in an hour, and 
if we assume the average depth of the NUe in that part of its course 
where the faU is 13'12 inches to be 10 feet, when not swollen by 
the rise, the velocity would be 2f miles nearly in an hour.-f if the 
fall were equal to that of the Thames. We shall probably come near 
the truth, by assoming the velocity of the Nile on thia part at 2 
miles in an hour. That it must be considerably less in the other 
divisions of the course I have named, and especially in that part im- 
mediately below the second cataract, where the average fall is only 
6'30 inches for a distance of 96 miles, is quite evident. 

The power of a river to abrade the soil over which it flows, so far 
as water is by itself capable of doing so, must depend upon its 
volunie and velocity, and the degree of hardness of the material 
acted upon. The power is increased when the water has force enough 
to transport hard substances. But even transported gravel has little 
action on the rocks with which it comes in contact, when it is free 
to move in running water, unless the fall be considerable, and, con- 
seijuently, the velocity and force of the stream great. When atones 
ai'e firmly set in moving ice, they then aci^uire a great erosive power, 
cutting and wearing down the rocks they are forcibly rubbed againat ; 
but this condition never obtains in Lower Nubia, as ice is unknown 



Gixlogical Structure of Lower Nitbta. 
One kind only of regularly stratified rock occurs in the 776 miles 
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from Abu Hammed to Philee ; viz. a silictous sandstone, similar to 
that which oaaurs Co a great estent ou both aides of the Nile in 
Upper Egypt, and which Rusaegger, after a very careful examination 
of it there, considers to be an equivalent of the greensand of the cre- 
ttioeoua rouks of Europe. The tertiary nummulite limestone, so 
abundant in Egypt, has not hitherto been met with in £fubia. 

The Nile fiows over this sandstone for nearly 426 miles of the 
entire distance, but not continuously. At Abu Hammed, it flows 
orar granitic rocks, and these continue from that place for about 120 
miles. There is then about 215 miles of the sandstone, which Ja 
succeeded by igneous and metamorphic rocks, that continue for 196 
niilea without any interruption, escept a narrow stripe of sandstone 
of about 15 miles near Amara. It is in this region of hard igneous 
rocks that nearly all the rapids occur, between that of Haniiek and 
the great or second cataract at Wadi- Haifa. From the latter place 
there is sandstoue throughout a distance of about 196 mites, and then 
commences the granitic region of the Cataract of Assuan, through 
which the Nile flows about 35 miles. Thus we have about 350 
miles of igneous and metmorphio rocks, and about 426 of sandstone. 

The general hard nature of the igneous and metamorphic rooks, 
9ver which the Nile flows fur about 155 miles above Somne, and for 
about 40 immediately below it, will he recognised by my naming 
aomeofthe varieties described by Ruasegger, via. granites of vari- 
ous kinds, often penetrated by greenstone dykes; sienite, diorite, 
And felspar porphyries ; gneiss, and clay slate, penetrated by nu- 
merous quartz veins. 

The siliceous sandstone is very uniform in its character; and in 
Nubia, as in Egypt, the only organic bodies which it has as yet been 
found to contain, are silicifled stems of wood. Occasionally, as in 
the neighbourhood of Koruako, interstrotified beds of marly clay are 
met with.* 

When, therefore, we take into account the hard nature of the si- 
liceous sandstone, the durability of which is shewn by the very ancient 
monuments of Egypt and Nubia, tliat are formed of it, and the still 
greater hardness of the granites and other crystalline rocks, it is 
manifest that the wearing action of a rivec flowing over so gentle a 
fall, can scarcely be appreciable. If the occasional beds of marly 
day occur in the bank of the river, they may be washed out, and 
blocks of the superincumbent sandstones may fall down ; but such an 
operation would have a tendency to raise rather than deepen the bed 
of the river at those places ; unless the transporting power of the 
stream were far greater than can exist with so moderate a fall, 
especially in that part of the river below Semne, where, for 96 miles, 
it is not more than 6'3 inches, and for 115 miles below that, not 
more than 12 inches in a mile. Eyen if we suppose the river to 
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hAve power to tear up ite bed for aoine distance aboTo Semne i 
below it, as far as the rapid of Wadi-Halfa, it is evident that 1 
materials brought down would bedeposited, except the finest partiol 
in that tranquil run of 96 miles, which ma; be almost compan 
to a canal. The drains in Lincolnshire are inchned 5 inches to 
mile.* When the annual inundations commence, the water of d 
Nile comes down the rapid at Assuan of a reddish colour, 
with sand and mud only ; whatever detiital matter of a larger and 
heavier kind the Nile maj have brought with it, in deposited befon 
it roaches that point. 

From all thene considerations, therefore, I come to the conclusion, 
that the bed of the Nile cannot have been excavated, as Professor 
Lepsius supposes, since the date of the sculptured marks on the rodt 
at Benine. Ho eajs, " Es liisat sioh kaum eine andere Ursaohe iur 
das bedeuteiide FaUen des Nils denken, als ein Answaschen unli 
Auahblen der Katakomben." By the word Katakomben he can on! 
mean natural caverue in the rock ; but such caverns are rarely, : 
ever, met with in sandstones, and only occasionally in limestones. I'' 
the course of the Nile were over limestone instead of sandstoni 
we could not for a moment entertain the idea of a succession ( 
caverns for 200 miles beneath its bed, sometimes two miles in width-^ 
the roofs of which were to fall in ; and where the igneous rocks pre^. 
vail, this explanation is wholly inapplicable. 

But besidoB the objections arising from the nature of the rock*,- 
and the inconsiderable fall of the river, there is still another difficulty 
to overcome. It is to be borne in mind, that this lowering of ths' 
bed of the Nile, from Semne to Assuan, is supposed to have taken 
place within the last 4000 years. Between the Grst cataract at 
Assuan and the second at Wadi-HalJa, there are numerous remain^' 
of temples on both banks of the Nile, some of very great antiquity, 
" From Wadi-Ha!fato PhilEO," says Parthcy, "there is a vast num- 
ber of Egyptian monuments, almost all on the left bant of the river, 
and so near tho water that mobt of them are in immediate contaei 
with it."t We may rest assured that the builders of these would' 
place them out of the ■'each of the highest inundations then known. 
Although we have many -accurate descriptions of these monuments, 
the heights of their foundations above tho surface of the rivaf 
are not often given ; they are, however, mentione 
stances. I shall doscribe the situations of some of these building* 
relatively to tho present state of the river's levels, and shall begii 
with those on the island of Fhilse. 

This island, according to the measurements of General von Vnt* 
kesh, is 1200 Paris feet (1278 English) in length, and 420 (447). 
in breadth, and is composed of granite. Lancrot informs us, tha^ 
" k I'epoque des hautes eaux, I'ile de Philce est peii eleve andessai 

* Rcnnie, Reimrt cited nbove, p. 422. t Partbey, 318. 
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de leur aurrace, mais lorqu'elles soDt abaisaees elle les sorpasso de 
buit metres." It was furmei'ly surrounded hy a quay of masonrj, 
poilions of which may be traced at intervals, and in some places 
they are still in good preservation. The soutli-west part of tlie 
island is occupied by temples. According to Wilkinson, the prin- 
cipal building is a temple of Isis commenced by Ptolemy Fhiladol- 
phuti, who reigned from 283 to 247 years before Christ ; and he adds, 
that it is evident an auuieut building formerly stood on the site of 
the present great temple. Lancrot, in referring to this more an- 
cient building, says : — ' II y a des preuves certainea d'une actiquite 
bien plus reculeu encore, puit^que des pierres qui entrent dans la con- 
struotion de ce mSme grand temple, sont des debris de quelque con- 
struction anterieure," Rossellini considers that it was built by Necta- 
nabis. The first king of Egypt, of the Sebennite dynasty of that 
vame, ascended the throne 37^ years B.C., the second and last ceased 
to reign about 360 years B.C.* 

Bossellinil informs tis, that on the island of Bageh, opposite to 
Phiiee, there are tbe remains of a temple of the time of Ameno- 
pbis U., and a sitting statue of granite representing him. He was 
a king in the earlier years of the 18th dynasty, which, according to 
the Chevalier Bunsen,^ began in the year 1638, and ended in 1410- 

B.C. 

Gau,§ in describing a temple at Debu, about 12 miles above 
PhilfB, which he visited in January, and consequently during the time 
of low water, states that he discovered under the sand, at the edge of 
the river, the remains of a terrace leading towards a temple, 

A short distance north of Kalabsche, about 30 miles above Philcc, 
at Bt'il'nalli, Hossellini|| speaks of a small temple in the following 
terms ; — '' Among tbe many memorials that still exist of Banises II., 
tbe most important, in a historical point of view, is a small temple or 
grotto excavated in the rock;" and Wilkinson mentions it " as a 
small but interesting temple excavated in the rock, of the time of 
Barneses II., whom Champellion supposes to be the father of Sesos- 
tris or Barneses the Great."^ He was the first king of the 19th 
dynasty, which began in the year 1409 b.c.** 

Gauft thus describes a monument at Gcrbe Dandour : — "La 
chaine de montagnes qui borde le Nil est, dans cet endroit, si ap- 
prucbue du lit de ce fleuve, qu'il ne reste que tres peu d'espace sur 
la rive. Cet espace est presque entieremont occupe par le monument. 
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et la riviere, dans ses debordeniens, arrive jusqu' an pied du mor 
la terrssso." 

Parthe? inlbmis us that the temple of Sebua is abont 200 fc 
dietaDt from the river, in which distance tbere are two raws 
apliinxes, and that the road between them, from ihe temple, ends Hi 
wide Htepg at the water's edge ; and he adds, that Champellion refen' 
this teniple to the time of Barneses the Great.' 

It thuB appears that monuments exist close to the river, some of 
which were constmcted at least 1400 years buforo our era ; so that 
tailing the time of Amenemha III. to be, as Professor Lepsius at 
2200 jeara B.C., the exeavation of the bed of the Nile which he 
poses to have taken place, must have been the work, not of 400ft 
years but of 800, If the erosive power of the river was so sctiva 
ill that time, it cannot be supposed that it then ceased ; it 
surely have continued to deepen the bed during the following SOOfr 
years. 

At all events, the buildings on the island of Philse demonstratft 
that the h^A of the Nile niu&t have been vei^ much the same as ik 
is now, 2200 years ago ; and even a thousand years earlier it mnal 
have been the same, if the foundation of the temple on the island o"* 
Begh, opposite Co Philce, be near the limit of the highest rise uf tb 
Mile of the present time ; so that there could be no barrier at ^ 
Cataract of Assuan to dam up the Kilo when they Vere constructed 
and thus the deafening sound of the waterfall recorded by Cicero and; 
Seneca must still be held to be an exaggeration. 

The existence of alluvial soil, apparently of the same kind as thtrii 
deposited by the Nile, in situations above the Cataract of A: 
at a level considerably above the highest point which the in 
tions of the river have reached in modern times, to which allusion is 
made by Professor Lepiius, has been noticed by other traveUsrsi 
and even at still higher levels than those he mentions. Whether 
that alluvial soil be identical with, or only resembles the Nile de- 
posit, would require to be determined by a close examination, taii 
especially with regard to organic remains, if any can be found ' 
There is no evidence to shew that it was deposited during the historical 
period, and it may be an evidence of a depression and subsequent 
elevation of the land antecedent to that period. It may not be of 
fresh-water origin, but the clay and sand, or till, left by a drift while 
the land was under the sea. For remuts as is the antiquity of Nuhi» 
and Egypt, in relation to the existence of the human race, it appi 
to be of very modern formation in geological time. The greater 
part of Lower Egypt, probably all the Delta, is of post-pliocene age, 
and even late in that age ; and the very granite of the Cataract of 
Assuan, that of which the oldest monuments in Egypt are formed, 
and which, in the earlier days of geology, was looked upon as the 
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very type of the rock on which the oldest strata of the earth wore 
founded, is said to have burst forth during the later tertiary period. 
Wq leara from Bussegger, that the low land wbich lies between the 
" iditerranean and the range of hJlU i.hai, extends from Cairo to the 
I Ued Sea at Suez, and of which hills a nummulite limestone eonsti- 
tuteB a great part, is composed of a sandstone which he calls a 
" Meereadiluvium," a marine diluTial formation, and considers to be 
of an age younger than that of the aub-appennines.* This sandstone 
he found associated with the granite above Assuan, and covering the 
cretaceouB sandstone far into Nubia. It appears, therefore, that, in 
the later ages of the tertiary period, this north-eastern part of Africa 
must have been submerged, and that very energetic plutonic action 
s going forward in the then bed of the sea. The remarkable fact 
of the granite bursting through this modern sandstone is thus de- 
scribed by Russegger : — 

' We arrived at a plateau of the Arabian Chain south-east of Aa- 
m. It is about 200 feet above the bed of the Nile, and conaists of the 
lower and upper sandstone, which are penetrated by innumerable granite 
'M from 20 to 100 feet in height, arranged over the plateau in parallel 
lines, very much resembling volcanic cones rising from a great cleft. The 
gandstone is totally altered in texture near the granite, and has all the 
appearance as if it had been expuaed to a great heat. ' I cannot refrain,' 
he says, ' &om supposing that the granite must have burst, like a volcanie 
product, through long wide rents in the saudstone, and that, in this way, 
the conical hilla were formed. ' " t 

An eruption of a true granite during the period of the sub-appen- 

ne formations, one possessing the same mineral structure as that 

B know to have been erupted during the pei'iod of the palicozoio 

rocks, would be a fact of so extraordinary a kind, that its ^e would 

require to be established on the clearest evidence, and especially by 

that of organic remains in the sandstone. 

Having thus ventured — I trust without any want of the respect due 
so eminent a person — to reject the hypothesis proposed by Profes- 
r Lepsiua for the high levels of the Nile at Semno, indicated by 
e sculptured marks he discovered, it may perhaps be expected that 
I should offer another more probable explanation. Jf in some nar- 
row gorge of the river below Semne, a place had been described by 
any traveller, where, from the nature of the hanks, a great landslip, 
or even an artificial dam, could have raised the bed to an adequate 
height ; that is, proportionate to the fall of the river, as it was more 
distant from Semne, a bar that, in the course of a few centuries, 
sight have been gradually washed away, I might have ventured to 
suggest such a solution of the problem. But without any informa- 
tion of the existence of such a contraction of the river's channel, or 
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an; exact knowledge of the natural outlets and dams to ranniDg 
water along the 2d0 miles of the Nile Vallej, from Semne to Aa- 
Buan, it would be idle to olfer e?en a conjecture. These marks aro 
unquestionably very ditEcult to account for, in the present imperfect 
state of our knowledge of tlie structui'e of that portion of the Nile 
Valley; and any competent geologist, well versed in the questions 
of physical structure involved, who may hereafter viait Nubia, would 
have a very interesting occupation in endeavouring to solve the dif- 
ficulty. 

Tlh April 1850, 



i 



On the Salmon Tribe (Salmonidai.) 
So loDg as the family SalmonidcB remains circamcribed aa it 
was established by Cuvier, it seems to be a type almost univer- 
Bally diffused over the globe, occurring equally in theaea and in 
fresh-water, so that we are left almost without a clue to its 
natural relations to the surrounding world. Job. Mailer, 
working out some suggestions of Prince Canino, and intro- 
ducing among them more precise anatomical characters, had 1 
no sooner sub-divided the old family of Salmonidw into biR 
Sa/monidce, Characini, and Scopeiini, than light immediately 
spread over this field. Limited now to such fishes as, 
addition to the mere general character of former Salmonidce, 
have a false gill on the inner surface of the operculum, th* 
Salmonidm appeared at once as fishes peculiar to the northern 
temperate region, occurring in immense numbers all around 
the Artie Sea. and running regularly up the rivers at certain 
seasons of the year \o deposit their spawn, while some live 
permanently in fresh water. We have thus in the ti-ue Sal- 
moftidm actually a northern family of fishes, which, when 
found in more temperate regions, occurs there in clear moun- 
tain rivers, sometimes very high above the level of the sei 
near the limits of perpetual snow, or in deep, cold lakes, 
That this family is adapted to the cold regions is most re< 
markably exemplified by the fact that they all spawn late in 
the season, at the approach of autumn or winter, when froa 
or snow has reduced the temperature of the water in whicl 
they live nearly to its lowest natural point. The embryoi 
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grow within the egg very slowly fnp about two months befove 
tliey are hatched ; while fecundated egga of Bome other fami- 
lies which spawn in spring and summer, give birth to young 
fishes a few-daya after they are laid. The Salmomdcn, on the 
contrary, are born at an epoch when the waters are generally 
frozen up ; that is at a period when (he maximum of lempera- 
ture is at lite boltom of the water, where the eggs and young 
salmons remain among gravel, surrounded by a medium 
which scarcely ever rises above thirty or forty degrees. 

It is plain ft-om these statements, and from what we know 
otherwise of the habits of this family, that there is no one 
upon the globe living under more uniform circumstances, and 
nevertheless the species are extremely diversified, and we 
find peculiar ones in all parts of the world, where the family 
occurs at all. Thus we find in Lake Superior species which 
do not exist in the course of the Mackenzie or Saskatchawan, 
and vice versa ; others in the Columbia river which differfrom 
those of the Lena, Obi, and Yenisei, while Europe again has 
its peculiar forms. 

Whoever takes a philosophical view of the subject of Na- 
tural History, and is familiar with the above stated facts, will 
now understand why, notwithstanding the specific distinctions 
there are between them, the trouts and white fishes are so 
uniform all over the globe, It must be ackaowledged that it 
is owing to the uniformity of the physical condition in which 
they occur, and to which they are so admirably adapted by 
their anatomical structure, as well as by their instinct. 
Running up and down the rapid rivers and mountain currents, 
leaping even over considerable waterfalls, they are provided 
with most powerful and active muscles ; their tail is strong 
and fleshy, and its broad basis indicates that its power is 
concentrated ; it is like the paddle of the Indian who propels 
his canoe over the same waters. Their mouth is large, tlieir 
jaw strong, their teeth powerful, to enable them to secure 
with ease the scanty prey with which they meet in these 
deserts of cold water ; and, nevertlieless, though we cannot 
but be struck by the admirable reciprocal adaptation between 
the structure of the northern animals and the physical con- 
dition in which they live, let us not mistake these ada5ta.\,\ui\'& 
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for a consequence of physical caases; let us not say i 
trouts resemble each other so much bec&uee they originatej 
under uniform conditions ; let os not say they have uniforo 
habits because there is no scope for diversity ; >et us 
they spawn during winter, and rear their yoang under snow 
end ice, because at that epoch they are safer from the attackt 
of birds of prey ; let us not say they are so ultimately cott- 
nected with the physical world, because physical powers called 
them into existence ; but let us once look deeper, let us re- 
cognise that this uniformity is imparted to a wonderfuUj 
complicated structure : they are treats with all their admif 
able structure, their peculiar back-bones, their omamenic 
skull, their powerful jaws, their moveable eyes, with their 
thick, futty skin and elegant scales, their ramified fin ray^ 
and with all that harmonious complication of structure whicb 
characterizes the type of trouts, but over which a unifond 
robe, as it were, is spread in a manner not unlike an almost 
endless series of monotonous variations upon one brilltani 
air, through the uniformity of which we still detect the same 
melody, however disguised under the many undulations and 
changes of which it is capable. 

The instincts of trouts are not more controlled by climattf 
than those of other animals under different circumstances^ 
They are only made to perform at a particular season, bert 
Butted to their organization, what others do at other times. 
If it were not so, I do not see why all the different fishes, 
living all the year round in the same brook, should not spawn 
at the same season, and finally be transformed into one type y 
have we not, on the contrary, in this diversity under identical 
circumstances, a demonstrative evidence that there is anothep 
cause which has acted, and is still acting, iu the productioit 
nnd preservation of these adaptations ; acause which endowed 
living beings with the power of resisting the equalizing 
influence of uniform agents, though at the same time placing , 
theHe agents and living beings under definite relations to eaoh 
other I 

That trouts are not more influenced by physical conditions 
than other animals is apparent from the fact that there are 
^es of small eictent and of most uniform features, in whiclt 



On the Salmon Tribe. 

two or three species of trout occur together, each with pecu- 
- liar habits ; one more migratory, running up rivers during 
the spawning season, &c., while the other will never enter 
running waters, and will spawn in quiet places near the shore; 
one will hunt after its prey, while the other will wait for it in 
ambuscade ; one will feed upon tisb, the other upon insects. 
Here we have an example of species with different habits, 
wheretherewould scarcely seem to beroom for diversity in the 
physical condition in which they live ; again, there are others 
living together in immense slieets of water, where there would 
seem to be ampie scope for diversity, among which we observe 
no great differences, as is the case between the Siscowet and 
the lake trout in the great northern lakes. 

If these facts, statements, and inductions were not sufficient 
to satisfy the reader of the correctness of my views, I would 
at once refer to another material fact, furnished us by the 
faraily of Salmonidm, namely, the existence of two essential 
modifications of the true type of trouts, occuiTing everywhere 
together under the same circumstances, showing the same 
general characters, back-bones, skull, brain, composition of 
the mouth, intestines, gills, &e., &c., but differing in the size 
of the mouth, and in the almost absolute want of teeth, these 
groups being that of the white fishes, Coregnni, and that of 
the true trouts, Salmones. 

Now, I ask, where is there, within the natural geogra- 
phical limits of distribution of SalmonidcE, a discriminating 
power between the physical elements under which they live, 
which could have introduced these differences ! — a discrimi- 
nating power which, allotting to all certain characters, should 
have modified others to such an e.xtent as to produce appa- 
rently different types under the same modification of the 
general plan of structure. Why should there be, at the same 
time, under the same circumstances, under the same geogra- 
phical distribution, white fishes with the habits of trouts, — 
spawning like them in the fall, growing their young like them 
dm'ing winter,— if there were not an infinitely wise Supreme 
Power, if there were not a pei-sonal God, who, having first 
. designed, created the universe, and modelled our solar system, 
called successively, at different epochs, such &wma\a VvAra 
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exiatenee under the different circumstaDces prevailing over 
various parts of the globe, as would suit be»t this general , 
plan, according to which man was at last to be placed at the 
head of creation I Let us remember all this, and we have a 
voice uttering louder and louder the cry which the external 
world equally proclaims, that there is a Creator, an intelligent 
and wise Creator, an omnipotent Creator of all that exists, 
has existed, and shall exist. 

To come hack to the SalmonidtE, I might say, that when 
properly stadied, there is not a species in nature, there is not 
a system of organs in any given species, there is not a pecu- 
liarity in the details of each of these systems, which does noi 
lead to the same general results, and which is not on that 
account equally worth our consideration. 

A minute distinction between species is again, above all, 
the foundation of our most extensive views of the whole, and 
of our most sublime generalizations. The species of Sal- 
monid(B call particularly our attention, from the minuteness 
of the characters upon which their distinction rests. Their 
number in the north of this continent (North America) is far 
greater than would be supposed from the mere investigation 
of those of the great lakes ; but I shall, for the present, limit 
myself to these. — Agamiiz, Lake Superior, p. 366. 



Results of Observations made by the Rev. F. Fallows, at the 
Cape of Good Hope, in the years 1829-30-31. Produced 
under the superintendence of G. B. AlRY, Esq., Astronomer 
Uoyal. 

This important work, containing the earliest fruits of the 
Cape Observatory ; and, while the first, at the same time 
some of the most valuable contributions to Sontliern Astro- 
nomy, — has been received too late to allow us to do more 
than barely mention the titles in the present number. 

We are tempted, however, to extract the following short 
notice of a remarkable meteor ; because it tends to establish 
the connection so very much wanted between skootinff-atars 



at the Cape of Good Hope. 

on the one hand, and meteorites, or meteor-stones, on the other 
hand. The phenomenon in question had a something of the 
characteristics of each, but waa more of the nature of the 
latter body, in which case the mere fact of its appearing 
at the epoch of the shooting- a tars, maybe considered in some 
degree significant of a connection, more especially when con- 
firmed by a second instance in another year ; while, moreover, 
the November period of shooting- stars had not then been 
suspected ; and these two observations not only serve to con- 
firm that period, but also to give the retrogression of the 
nodes of the orbit, which has been suspected. P. S. 

Mr Fallows to the Secretary of the Admiralty. 



■' Sir, — The iDclosed document was drawn up at tiiy req^ueat, by 
Captain Ronald. At the moment the first explosion took place (ten in 
the evening),! was writing in a room adjacent to that of the Transit, 
and imagined from the loudness of the report that it might be a sig- 
nal of distress from some vessel in Table Bay. Shortly after, per- 
haps four or five minutes, for I cannot be certain, having no sus- 
picion of what had been observed in the Transit-room, 1 heard a 
second report, but it was somewhat fainter than the former. This 
phenomenon has been noticed at Simon's Town, Stellenbosch, and 
beyond Koe-berg,* — I have, &c., 

" Fearon Fallows." 



(iNCLosuaE.) 
Captain Ronald to Mr Fallow. 



" Sm, — As it may not be uninteresting perhaps to make some 
record of the circumstances attending the appearance of a meteor 
which was ob.'ierTed last evening, I beg leave to convey to you the 
following notice : remarking that having seen it only through the 
open roof of the Observatory, which prevented me from following the 
direction it took, my report must necessarily be so far incomplete. 

" At the time of the occurrence of the phenomenon in question, 
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'Ut'^ve seconds. 

" There was little peculiar in thu state j- .1,0 weather or atmi 
sphere ; the day had been rather more than usuaiij ^ool, the highoi 
temperature being 68° Fahrenheit, the wind froni die south, sn 
moderate, with ehght passing showefB. The evening -tiva nearl 
clear, with a hght air from the south-west, atmosphere rattker dry 
the barometer standing at 30'° '20, and the thermometer at 52°,ai 
both were observed to rise suddenly after the explosion, the baromet ^^ 
by 0^*01, and the thermometer by 0''1, though thoy regained thd 
original position in a short time afterwards. — 1 have, &o., 

" W. Ronald. 

" By referring to my Meteorological Journal, it appears that s 
metfior of somewhat sinular appearance was noticed in Cape Town ■ 
early on the morning of the 6th November last year. — W, R." 






Discovery of the Great Lake " Ngami" of South Africa. 



Geographical discovery in Africa has even excited more 
interest than similar explorations in any other part of the 
world, and with reason— for, while it is one of the oldest and 
earliest peopled of lands ; while the human race first attained 
there a high degree of civilization, and a high degree of kno' 
ledge in the arts of peace and war, of science and literature ; 
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Willi a grandeur in some things, and a skill in others never 
since equalled ; yet it is now the country of all others on the 
fiice of the globe concerning which we know least. In other 
continents there are undoubtedly parts not yet visited by 
Europeans, or worthy of being more fully explored ; but they 
are but inconsiderable spots compared vvitli the almost bound- 
less spaces of Central Africa, where no foot of a white man 
has ever yet trod, and of the greater part of which no semi- 
fabulouB native accounts even have ever reached us. So that 
age after age the civilization of the enlightened nations of the 
world is gradually losing the hold which it once had, at 
least along the northern shores of this vast continent ; and 
the land of Ham is gradually reverting to a state of primeval 
wilderness, fenced in from all the rest of the world by the 
obstructive power of ignorance and position. 

And yet to no other part of the world has so continued a 
stream of geographical explorers been poured, and is even 
pouring still ; but invariably either the deadly climate of the 
more fertile parts, or the passive hut all-powerful impedi- 
ments offered by the more desert portions, as well as the Ac- 
tive opposition of natives, more savage and sanguinary tlian 
in any other part of the world, have invariably, by death or 
otherwise, put an untimely stop to the progress of the travel- 

Under these circumstances it must be highly encouraging 
to all intorcated in the prosecutions of African geography, to 
bear that an actual and tangible discovery, and one of the 
most important kind for the country in which it was effected, 
and for the prosecution of still fiirther research, has just 
been made, in the fact of the Eev. David Livingston, a mis- 
sionary of the London Society, having at least reached the 
great lake* of South Africa. 

The circumstance requires perhaps something more than 
mere notice, and to have more names mentioned in connec- 
tion with it, from its being part of a general system of co- 
operation in which many have home a part, and a very im- 
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portant and necessary part, towards the result which has been 
finally achieved ; and at the very least, the name of the itev. 
Mr Moffat, the fellow missionai-y of Mr Livingston, deserveB 
mention whenever the great lake is spoken of. 

Its existence had been suspected long since, and its dis- 
covery has been a constant theme of eonverBatioo for many 
years past at the Cape. But yet the information of its where- 
about, and size, and nature, were so very scanty, as to throw 
more doubt over the matter, the fui-ther that it was examined 
into. Up to a very recent date, the only persons who had ever 
been able within the colony to bear testimony to the fact of 
the existence of the great lake, from personal knowledge, 
were two young Bechuana brought down by D. A. Smith's 
expedition. They said, that when they were children, and 
their tribe was flying from their enemies, they had been at 
one period close to the great lake; but, after' the closest 
cross-questioning, they left the matter more uncertain than 
ever, for from the length of time that their tribe was flying 
about in the deaei-t in various directions, it would have been 
quite possible to have reached the sea either to the east or 
west, or the colony to the south ; and nothing certain could 
be made out as to the mean resulting direction of the march- 
ing and countermarching. 

Nevertheless, many were the ardent explorers who endea- 
voured to reach this consummation, so greatly to be desired, 
amid the prid plains of South Africa. The last which started, 
and by fur the most important of all that were ever organized 
in South Africa, was that of the Cape Town " Association 
for Exploring Central Africa," and which started in 1834, 
and returned in 1836. The party consisted of about seven 
Europeans, as many waggons, and about thirty natives. The 
whole was under the direction of Dr Andrew Smith, ataff- 
Burgeon, who had admirably qualified himself for the com- . 
mand, by the experience of very many years spent chiefly in 
the interior, and amongst the natives. Among the members of 
the expedition, were an astronomer, well supplied with instru- 
ments, and two artists, and Mr Charles Bell for landscape, 
topography, and the manners and customs of the natives ; 
and another, Mr Ford, for the natural history department. 
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Dr Smith took npon liimaelf especially the zoology, the ethno- 
logy, and geology ; and the others all contributed according 
to their powers, while the whole of their notes and journals 
of every kind were to be made over to the association. 

The expedition started in 1834, reached at length the Rev. 
Mr Moffat's residence at Kuruman, then the outpost of the 
Missionary stations ; by him it was carried on further into 
the Zoolah country, to the abode of the great chief Umsiligas. 
This seemed for various reasons the furthest northing that 
the expedition could make, hut a small party went on in light 
marching order a little fm-ther, so as to he just able to say 
that 2'6° south latitude had actually been reached, before the 
retrograde movement was begun. 

The chief result of this expedition has been the publication 
of Dr A, Smith's beautiful and valuable zoological work, for 
the publication of which the government granted a sum of 
money. 

The personal journal, the astronomical, geographical, geo- 
logical, and meteorological observations, have still to come; 
likewise Dr Smith's own observations touching the history, 
language, and other particulars of the various tribes of abori- 
gines whom he met with ; as well as Mr Charles Bell's 
inimitable drawings of the manners, customs, and appear- 
ances of the natives, and his expressive landscape scenery. 

This degree or measure of success seemed to put the great 
lake further off than ever, Europeans despaired of their ever 
finding or heholding it, and none but traders and huntsmen 
subsequently traversed that part merelyof the i-oad towards it, 
which the expedition did pass over ; while the only scientific 
mission which has acted since in South Africa, viz,, that 
of Oaptain Sir J. E. Alexander, sent out by the Royal Geo- 
graphical Society of London, — hopeless, apparently, of doing 
anything by following Dr Smith's route, travelled and ex- 
plored along the western coast. 

It was remarked long since by the North American In- 
dians and other aborigines, that the " black-robe chiefs of 
the mission" had always preceded the daring hunter and 
the crafty trader ; and in no country has the preceding spirit 
of the missionaries been more evident than in SoutU Mi;vt^- 
Wbile pushing tbeir stations continuaWj ?\iTtiaeT n.\i^ tax'Oas.t 



into tlie interior, they christianize and civilize the tribes 
they go, aod bo leave the way paved and open behind tbem;, 
a most impoi-tant condition, when it is remembered wbat ei- 
eessive distances a traveller is there from hia reaourceB, and 
in what an impracticable country. 

Silently, but aurely, has this operation been going on, until' 
as it were, almost by natural causes, a point has been reached, 
within which the lake was but at a moderate distance. Start" 
ing from Mr Moffat's advanced post of Kuruman, Mr Living* 
ston had founded the station of Kolobeng further north 
and then it only required a small advance of money to pa] 
the expense of (be long contemplated journey. That suts 
was furnished by two lay gentlenaen, Messrs Murray ant 
Oswell, — and this great cynosure of South African geo 
graphy, fell, in the ripeness of time, an easy prize. 

But if we have this much to say for the effective level 
which the missionary aystera affords for geographical disco 
very, we cannot say so much as we should like in favour ctf 
the manner in which it has been worked in this instaac^ 
though it may be better tlian in the generality of cases. 

There has been of late, it must be confessed, rather a 
cline of the true scientific apii-it of geographical exploratii 
and men have too frequently been contented with filling their 
books with accounts merely of what they shot and what they 
eat; unable to give anymore intelligent account of the country 
than the natives themselves. 

Hardly any better, the Rev. Mr Rebman, who is supposed' 
to have discovered in 5° S. lat., and 3 or 400 miles within th) 
eastern coast of Africa, a mountain reaching above thaj 
limits of perpetual snow, and which may be the source 
the Nile on the one hand, and of the rivers which feed the 
great lake Nganii on the other ; for though he has beea 
twice to the mountains, yet he has sent home such puerile' 
statements, that the fact of its being snow at all which was 
thought to have been seen, is now contested ; and the height, 
latitude, longitude, &c., of the mountain are quite uncertain. 

Mr Livingston baa done much better than this, though 
there is almost evei-ything for the geographer, the botanist^ 
&C., to do ; but no fault is to be imputed to him, he bad' 
a higher ohji^ct m vii.w ; we menlVon the case ^o ■^tOTamfeutl'j 
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here, rather to incite scientific men to go and do their 
p»rt. We append Mr Livingston's letter to the end of thia 
notice, and will merely condense here the principal notabilia. 

The latitude of the E. comer of the lake at ita junction 
with the efBiience tlie Zunga, wag measured with a sextant, 
to be 20° 20' S. The longitude was estimated at 24° E., con- 
sequently about midway between the E. and W. coaetB. 
The height above the level of the sea was themioraetrically 
determined at 2200 feet. The length and breadth were 
stated by the natives at 70 and 15 miles; Mr Livingston 
saw in the former direction an nnintermpted horizon of water. 

The feeder of the lake coming down from the north was 
described only by the natives ; but its water being very clear, 
even during its annual risings, and these being incomprehen- 
sible to the inhabitantsof that part of the country, this course 
may be expected to be long, and not improbably rising from 
a snowy mountain. 

The effluent of the lake, the Zonga, was travelled along 
by Mr L. for 300 miles ; as the water was clear, the stream 
placid, the banks thickly clothed with beds of reeds, and the 
height above the sea 2200 feet, — it may be presumed that 
tbis river does not communicate with tlie ocean, and that it 
is gradually dissipated like other rivers there by evaporation 
and absorption. 

The banyan, the palmyra, and the baobab, taking the place 
of the cactus, aloe, euphorbia and acacia, indicate the arrival 
in a better watered country and a totally different botanical 
region than any previously reached from the Cape. 

The inhabitants of the lake " Bayeiye,' seem to be a new 
pace ; their language was unknown ; and they possess several 
remarkable habits and customs totally at variance with the 
characteristics of all the South African tribes, Hottentots, 
Bushmen, Caffres, Bechuana, Zoolahs, &c., south of the 
tropics ; as for instance, their having canoes, killing the hip- 
,|iotami with harpoons attached to ropes, and catching 6sh in 
nets. 

The head of a fish which abounds in the lake, as well as a 
fearful fly which stings the oxen to death, have been sent 
borne, and are declared to be new. 
In conclasion, we have the pleasure o? adimgftvaN. ^'Oh.q>\^ 



the Geographical Society could not exactly award with pM 
priety their Royal gold medal to discoveries in their si 
mode in a secondary point of view, and but indifferently dfl 
scribed, when it Bhould be reserved for a Bruce or a Hum 
boldt, — yet they have with great satisfaction and alacrit]| 
awarded the value of the medal in money ; and it is devout!; 
to be hoped that Mi- L. may be spared to continue the e» 
ploration which he has thus auspiciously begun. P. S. 

LttUr/ram Ihe Sev. David Livingtlon, addntiid to the Eiv. Arthur Tidman, 
Foreign Secrtlary, London Sliaii-marT/ Society. 

Bania of the River Zonga, Srd Sfplembtr 1810. 

DBin Sir,— I leftmjsUtioi], Kolobeng (Bituated 26° SouUi lat, 26 Em 
long.), on the IsC of June iiiBt, in order to carry into effect the iiitention, i 
wbti')! 1 had previously infarmed you, viz. to open b, new field ID tbs Nortb, h 
penotrating the great obstacle to our progresB, called tlie Deeert, wbich, iCretol 
ing away on our West, Xorth-West, and North, hoa hitherto presented an It 
aurmouutable barrier Co Europeans. 

A large patty of Griquas, in aboat thirty waggons, made many and pereavHi 
ing efibrls at two different points last year ; but. though inured to the cllmati 
»nd Btiniulated by the prospect of much gain from the ivory they expected t 
procnre, want of water compelled them (o retreat. 

Twu gentlemen, to whom 1 had commiiDicated my intention of procaediiig t 
the oft-reported lake beyond the desert, came from England for tbe expm 
purpose of being preaent at the discovery, and to their liberal and sealona od 
operation wo are especially indebted for the Euoeeae with which that and otliM 
objects have lieen accompliahed. While waiting for their arrival, leven ma 
came to me from the Balavana, a tribe living on the banka of the lake, witb a) 
earnest requeat from their chief for a visit. ISut the path by which tiioy liii 
come to Kolobeng was impracticable for waggons; so, deelin ing their guidano 
I selected the more circuitoua route, by which the Bermangueato usually p 
and, having Bukwains for guidea, their aelf-intereet in our aucceaa was see 
by my promising to carry any ivory thej might procure for their chieft ii 
waggon ; and right feitbfully they performed their task. 

pass into the regions beyond him, with true native inhumanity be i 
fore us to drive away all Che bushmen and Bakalihari from our roi 
that, beiag deprived of their assistance in the search fur water, we 
the Qriquos above mentioned, be compelled to return. This measure deprlva 
me of the opportunity of holding the Intercoarse with theae poor DutBoal 
might otherwise have enjoyed. But through the good providence of God, al 
travelling about 300 milos from Kolobeng, we struck on a --. . ■ 

on the 4tb of July, and without further difficulty, in so far a 
cemed, by winding along ita banks nearly 300 miles more 
Batavana, on the lake Ngami, by the hegiuniug of August. 

Previous to leaving this beautiful river on my return home, and commenoij 
our route acroaa the desert, 1 feel anxious to furnish you with the impr 
produced on my mind by it nnd ita inhabitants, the Bakoba or Hayelye. 
are a totally diatinct race from the Bechuanas. They call themaelvee Bayei- 
(or men), while the tertu Bakoba (the name has somewhat of the meaning ' 
" slaves, ") is applied to them by the Benhnanes. Their complexion ia daitCC 
than that of the Bechuanas ; and, of 3D0 words I collected of their langtigq 
only 21 bear any resemblance t« Sitchuana. They paddle along the 'ri' 
and lake in canuos hollowed out of the Iriinka of single trees ; take fisb in i 
made o£ a weed wiich abounds on tie 'baDkB ■, ani Vill \vij^'5«».m, i 





t Dige»verif of the Great Lake " Ngami" of South Africa. 157 

hirpoom attachod to ropea. We greatly admired the franlt, manly hearing 
of these inlaud sailors. Maoy of them spoke Sitchunnu, fluently, nnd, while the 
' ing the bftult, I greiilly enjoyed following the windings of the 
heir primitive arafl, and visiting their little villages among 
the reed. The banks are beautiful beyond any we bad ever seen, eicept per- 
haps some parts of the Clyde. They are covered, in general, with gigantic 
' " some of them boaring fruit, and quite new. Two of the Bosbob variety 
red 70 to 7e feet in circumferBnce. The higher we ascended the river, 
the bmader it became, until we often saw more than 100 yards of clear deep 
water between the broad belt of reed which grows in the shallower parts. 
The water was tlear as crystal, and as we approached the point of juuation 
with, other large rivers reported Co exitt in the North, it was quite soft and cold. 
The fact that the Zunga is connected with large rivara coming from the north 
■wakens emotions in my mind, which make the discovery of the lake dwindle 
out of sight. It opens the prospect of a highway, capable of being quickly 
traversed by boats, to a large section of well -peopled territory. 

" emarkable feature in thl9 river is its periodical rise and fall. It has 
arly three feet in height since our arrival, and this is the dry seBson. 
' That the rise is not caused by rains is evident from the water being so pure, 
lia purity and softness increased as we ascended towards its jonction with the 
Xamonakle, from which, although connected with the lake, it derives the pre- 
sent increased supply. The sharpness of the air caused an aniaztng keenness 
of appetite, at an elevation of little more than 3000 feet above the level of the 
!a (water boiled at 207i° thermometsr), and the reports of the Bayeiye, that 

iraeaseof the water, at the beginning and middle of the dry season, must be 
derived from melting snow. 

All the rivers reported, to the north of this, have Bayeiye npon them, and 
there are other tribes on their banks. To one of these, after visiting the Data- 
vana, and taking a peep at the broad part of the lake, ws directed our course ; 
but the Batavana chief managed to obstruct us, by keeping all the Baymye 
near the ford on the apposite bank of the Zonga. African chiefs invariably 
dislike to see strangers passing them to tribes beyond. Sebitoane, — the cbief 
who in former years saved the life of Sechele om- chief,— lives about ten days 
north-east of the Batavana. The latter sent a present as a token of gratitude. 
TliiB would have been a good introduction ; the knowledge of the language, 
however, is the buc we can have, I endeavoured to constrnct a raft, at a part 
which wu only fifty or sixty yards wide, but the wood, though sun-dried, was 
H) heavy it sunk immediately; another kind would not bear my weight, al- 
though a considerable portion of my person was under water. 1 could easily 
have swam across, and fain would have done it; but, landing without clothes, 
and then demanding of the Bakoba the loan of a boat, would scarcely be the 
thing for a messenger of peace, even though no alligator met me in the passage. 
These and other thoughts were revolving in my mind as 1 stood in the water, — 
fot most lorely do I dislike to be beaten,— when my kind and generous friend 
Mr Oswell, with whom alone the visit to Sebitoane was to be made, offered to 
np a boat at his own eipenae from the t'ape, which, after visiting the 



1(1 coming round the north end of the lake, will become misaioni 






bnngi 

pMty. To him and our other companion Mr Murray, I feel greatly indebted,— 
for tkt thief expenie of the journei/ hai been ionie bg them. They could not have 
TBaehed this point without my assistance ; but, for the aid they have rendered 
in opening up this £eld, 1 feel greatly indebted ; and, should any public notice 
be taken of this journey, I shall feel obliged to the directors if they express my 
thankfulness. ^ 

The Bayeiye or Bakoba listened to the statements made from the Divine 
Word with great attention, and, if 1 am not mistaken, seemed to understand 
the message of mercy delivered better than any people to whom I have 
preached for the jSril time. They have invariably a great many charms in the 
villages ; stated the name of God in their language {without the least hesita- 
tion) to be " Oreeja •" mentioned the name of the first man and woman, and 
some traditionary statements respecting the flood. I nhaU not, to-suvBi, Irftj, 
ebsH /hr cBrtflin, tiJi 1 have more knowledge of tVielr \MVgiia.%c. "^^e^ asa 



fouod dwellinj; amoiig the reed %U ronad the lake, ftod on the baoka of all tl 
rivefs lo tha north. 

With the periodica] flow of the rirers ^eat ahoalH of fleh defleend. Tl 
people oould give no reaeon for the rise of the vrater. further tlinn thkt ■ dill 
who livBB in a part of the country in the norlh, cilled Mfliiekiva, killi a mi 
annually and throws his budy into the atream, after which the water begini 1 

The sketch which 1 encloae ia intended to conve; an idea of the river Zoaf 
•nd Ihe Inke Ngami. The imnie of the latter i« pronounced as if writM 
with the Bpaniah Q, the ff being inserted to ehew that the rin^ng HOimd ' 
required. The meaning ii " Urcat Water/' The latitude, taken by (t BeitU 
on which I can fully depend, wu 20° 20/ aouth, at tbe north-eaat extreinil|)| 
where it Is joined by the Zonga) longitude about 21° east. We do 
««■, jbioio it with etrlaiM'j. We left our waggon near the liatavan^ t 
rode on honeback about six milea beyond it to the broad part. It gradaaU) 
widens out into a Firth about 16 miles acroaa, aa you go south from the towa 
and in the south-south-west presents a large horizon of water. A ii rtporud ^ 
be about 70 miles in length, bends round to tlie Dorth'weat, and there rectlTf 
another river similar to the Zonga. The Zonga runs to the nortb-«ast. Tlu 
thorns were so thickly planted near the u]>per part of this river, that wfl 1^ 
all our waggons standing about 180 miles from the lake, except that of Mr Ot 
well, in which we travelled the remainingdiatance; bucfortbis precautionoO) 
oxen would have been unable to return. 1 am now standing at a tribe a) 
itakurutse, and sliall in a day or two re-enter the desert. 

The breadth marked is intended to show the rtifi'erence between the riie ot 
the Zonga, after iltjanctioD with the Tamnnakle and before it. The farther If 
runs east, the narrower it becomes. The course is shewn b_ " 
The riven not leen, bat reported by iht nalivtt, are pnt down in dotted 1: 
The dotted lines running north of the river and lake, shew the probable COHH 
of the Tamunakle, and another river which falls into the lake at its oorlh-ws 
extremity. The arrow-heads shew also the direction of iu flow. At the pa: 
marked by the name of the Chief Uosing it is not more than 60 or 60 yarda 1 
breiidtb, while at 20' V it is mure than 100, aud very deep. 

The principal disease reported fo prevail at certain seajoua appears, tram Oik, 
account of the symptoms the natives give, to be pneumonia and not feveK 
Wlien the wind rises to au ordinary breeie, such immense clouds of dust ariMt 
from the numerous dried-out lakes called salt-pans, that the whole tS .' ' 
becomes quite yellow, and one cannot distinguish objects morethan two miles oS 
It causes irritation io the eyes, and, as wind prevailsalmost constantly at 06;'°" 
seasons, this impalpable powder may act as it does among the grinders in 8 
field. We observed cough among them, a complaiot almost unknown at Kol» 
lieng. Musijuitoes swarm in summer, and the lianyan and Palmyra give '' 
some parts an Indian cast to the scenery. 

(SignedJ David h 
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A Brief Sketch of the Geology of the Wat Indies, from Dp 
Davy's Lectures on the Study of Chemistry, drawn up 
chiefly from the Author's own ObservalioiiK* Commnni- 
cated for the Philosophical Journal. 

In the preceding lecture, I brought nnder jour notice the anta* 
gonist and compensating, or correcting influences of animal liFe ia 

• Lectures on the Study of Chemistry, in connection with the Atmospher^ 
the Earth and the Ocean, and Discourses on Agriculture, with tntrodnctions ofl 
tbejiresetiC state of the Wost Indi'?F^, aud on the A(^lcultural Societies of Bai 
badoa. Kv JoHW D.wv, M.D., F.K.a., &c, ljun4im, UrosmaM. 'i.'i&'a. 
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preserving the uniformity of composition of the atmosphere. In the 
earth we witnoBS influences of the like kind, as it were opposed to 
each other, and producing opposite effects. Water, in its operation, 
aided by air, may be considered as destruotive, wearing away rocks 
and mountains, and carrying their comminuted parts to lower levels, 
knd even into the sea, to be buried in its depths. Fire may be con- 
sidered as restorative ; acting below the surface, it melts and aiao 
consolidates, according to its degree of intensity, tending to reproduce 
crystalline rocks in one instance, and stratiSed in the other. Even 
when it appears most eminently to act according to our ordinary 
notions of its operation as a devastating and destroying agent, for 
example, in the eruption of a volcano, the ashes which are discharged 
into the atmosphere, and are widely scattered by the winds, even 
when they fall on the adjoining countries, may help to supply the 
place of the old surface- materia la, carried away by streams and floods, 
and to renovate the soil with new elements of fertility. And acting 
in another form and manner, the same power which occasions volcanic 
eruptions appears to be productive of another effect, viz., the gra- 
dual elevation of the bed of the sea, tending to the formation of new 
land, of which we seem to have examples in the extension of certain 
coasts, and the appearance of rocks and dry land above the waves, 
preceded by a gradual diminution of the water oTer the spots where 
these remarkable phenomena occur. 

Of most of the geological changes alluded to in the preceding re- 
marks, the West Indies afford well mai'ked instances, 

From the continent of America are to be seen vast rivers flowing 
into the sea, turbid with the detritus of the country through which 
they have descended in a course of thousands of miles, and discolour- 
ing and freshening the waters with which they mix at an extraor- 
dinary distance from land. Between their mouths on the coasts and 
their rapids in the boundary hills of the interior, immense level, or 
abnoet level tracts occur, — marsh, morass, and sandbank, neither 
land nor water, covered chiefly with aquatic plants, -^;racts formed by 
deposits from the great rivers, and commonly of materials somewhat 
coarser and heavier than those which are longer suspended and are 
ouTied out into the sea in consequence of their greater fineness. 

In many of the islands not only are there rocks to be seen evi- 
dently of volcanic origin — columnar baBalt,trachite, and many varieties 
of tufa, but also craters from whence eruptions have taken place, 
and in which the fires are hardly yet extinct that once acted, as is 
indicated by the hot steams and exhalations still proceeding from 
them. 

Moreover, in some of these islands, rocks of volcanic origin,^crys- 
talline in their structure, and totally destitute of organic remains, are 
associated with others of a perfectly diiTerent character, stratified and 
abounding in organic remains, — various species of sea shells and of 
coral J and it is worthy of notice, t*-'*— i-- one ai iifei> vns.^.'wvTOaTO 



which the appearance is best observed, viz., at Brimstone Hill, in St 
Cliristopher'a, thu volcanic rock, flanked by the stratified rock, and 
the latter — an aggregate of shells, coral, and calcareous marl, has its 
strata highly inclined, tilted up as it were by the i^ormcr. 

Other islands, or parts of islands, ooeur, in which there are only 
partial volcanic traces, and these not so much of volcanic action and 
disturbaiico on tire spot, as of materials, such as ashes, thrown up by 
volcanoes, and those distant ones. The island Barbados is an 
exanipla. Composed in great parts of a calcareous aggregate, in 
which organic remains abound, it has very ranch the character, in its 
peculiar features, of having been raised from the bed of the ocean 
(where it ia certain it was formed), by some mighty foree, slowly 
acting, and which, it is probable, is acting still. 

Nor ia there wanting in these seas instances of islands, ia which 
almost every variety of formation is exemplified, Barbados, in its 
smaller portion — the Scotland district, exhibits some interesting 
varieties, such as beds of chalk abounding in the remains of micros- 
copic animalcules, strata of sandstone, some siliceous, some calcare- 
ous ; the one without organic remains, containing, however, deposits 
of coal and bitumen ; the other — the latter having included in them 
organic remains, and of a kind to connect them with the calcareous 
rock of which the larger portion of the island is fornied, for instance, 
the spines of echini and the teeth of squali. The larger islands, 
Trinidad and Jamaica, Port Kico, and Cuba, yield examples, 
still more in point. In Trinidad I am not aware that any vol- 
cano, or crater of one, has been discovered, or any rocks evi- 
dently volcanic in iheir origin ; but from the imperfectly crystalline 
rocks, destitute of organic remains and distinct stratification, to clays 
and marls, to mud eruptions or volcanoes as these are sometimes 
called, through limestones and sandstones stratified, and containing 
oi^anic remains, a tolerably well-marked series may be traced. 
In the adjoining and smaller island Tobago some of the same series 
are obsei'vablo, but in a broken manner, not a little interesting and 
instructive. There, highly crystalline rocks, destitute of organic re- 
remains, are in juxtaposition with others abounding in these remains ; 
coral rock is even found resting on granite ; and in another situation 
the latter rock is contiguous to mica slate, in which quaHz in mass 
is not of rare 



On the Differences lietween Progressive, Embryonic, and Pro- 
phetic Types in the Succession of Organized Beings through 
the whole Range of Geological Times. . 

]t was a great improvement in our zoological investigations when 
the a'li^erences in their relations, according to the various degrees of 
affinity tnr analogy which exist between animals, were pointed out, 
and successivWy better underst'"''''- In earlier times, zoologists made 
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) distinction between the different I'eliitlons which esiated among 
luiimals. Affinity and analogy, bo dissimilar in their essential cha- 
racters, were constantly mistaken one for tho otlier; and upon the 
peculiarities which struck the observer most at first Bight, animals 
were brought together, sometimes upon the ground uf true affinity, 
sometimes, also, upon the ground ot' close analogy ; and though 
comparative anatomy did put the mistakes arising I'rom such confu- 
sion right, by showing that external appearances wore Bomctimes 
deceptive, and (bat a more intimate knowledge of internal structure 
was necessary fully to understand the real relations between animals, 
there remained, nevertheless, a degree of uncertainty in may cases, 
as long as the principles of affinities and of analogies were not fully 
distinguished. Eveiy naturalist now knows that true relationship — 
affinity — depends upon a unity in straoture, however diversified the 
farmH may be under wbicb their fundamental structure is displayed. 
For instance, the affinity of whales and the other mammalia was not 
understood before it was shown that, under t!ie form of fishes, these 
animals had truly the same structure as the highest vertebrata. 

Again, the forms of celacea exemplify the analogy there is be- 
tween whales and fishes. They are related to mammalia ; they are 
analagous to fishes ; they bear close affinity to the mammab which 
nurse their yuung with milk ; they have rather close analogy to the 
gill- breathing fishes. 

Since the fossil animals which have existed during former periods 
upon the surface of our globs, and which have successively peopled 
the ocean and the dry land, have been more carefully studied than 
they were at the beginning of these investigations ; since they are 
no longer considered as mere curiosities, but as the earlier represen- 
tatives of an order of things which has been gradually and succes- 
sively developed throughout the history of our globe, facts have been 
brought to light which now require a vary careful esamination, and 
will lead to a more complete understanding of the various relations 
which exist between these extinct types and those which still continue 
to live in our days. Upon close comparison of these facts, I have 
been led to distinguish two sorts of relations between the extinct 
animals, and those of our days, which soem to me to have been 
either overlooked or not sufficiently distinguished. Indeed, the 
general results derived froni Palroontological investigations, seem 
scarcely to have gone beyond showing that the animals of former ages 
are specifically and frequently also generically distinct from those 
of the present creation ; and also to establish certain graduation be- 
tween them, agreeing more or less with the degree of perfection 
which we recognise between the living animals according to their 
structure, 
the' pecui'. pretty generally understood that fishes, which ]-ank lowest 
links veTaoVertebrata, have existed alone during the oldest periods ; 
jptiles which, in the gradation of structure, rank next 
^IX. NO. XCVil. — JULY 1850. L 
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above them, have followed at s, later period ; that still later the bird 
nliich, aocording to their anatooiy, rank above reptiles, have nexl 
made their appearance ; and that mammalia, which stand highea^ 
have been introduced hist, and even among these the lower faniliai 
seem to have been more numerous, before the higher ones prevailM 
over them. Man, at last, has been created, only after all other typa 
had acquired their fuU development. Theee facts which, in sua 
generality are fully eiemplified in every conntry in the order of sna 
cession of the different fossil characteristics of the various geologia 
d^ioEJtE, Ehew plainly that a gradation really exists ii ' ' 
and constitutes one of the most prominent characters of the develi 
ment of the animal kingdom as a whole. 

If we investigate, however, this gradation, and the order of bdc _^^ 
non of animals more closely, we cannot but be struck with the di£^ 
ent relations which exist between the fossils and the living animal^ 
Many extinct types have been pointed out as characteristic of difien 
ent geological periods, which combine, as it were, peculiarities wlti 
at present are found separately in different families of animals, 

I may mention as such, the Ichthytaur, with their fish-like vef- 
tebrse, their dolphin or porpoise -lite general form, and several sp»i 
cial characters reiriinding us of their close relation to the Crocodiliui 
reptiles ; thus combining characters of different classes in the most 
extraordinary manner. 

Again, the Pteroductt/U, in which reptilian characters are com- 
bined wish peculiarities reminding us both of birds and bats. 

Again, the large camiverous fishes of the coal period, combintl^ 
peculiarities of the Saariang, with true fish characters ; and so on.i 

These relations are of an entirely different kind from those whio^ 
I have pointed out between some of the older fossils and the earlf 
stage of growth of the living representatives of the same families. 

For instance, the fossil Sshes with a heterocercal tail, found bfr- 
low the new red sandstone, down to the lowest deposits, reminds t 
of the peauhar termination of the vertebral column in all fisli ea 
bryoE of species living in the present period, to whatever family tbefi 
may belong, indicating a similaHty of structure in the oldest repre* 
sentative of this class, with the earliest condition of the germs of 
those animals in our days. 

Lpt us now examine whether we can properly understand tltq 
bearings of these relfttioiis, and the meaning of such differences. 

In the first place, I have mentioned the gradual progress, whlo^ 
is observed in the succession of the diiFurent classes of VerUbratOf 
This progress is exompiified by a series of types which differ from 
each other, but which shew, when arranged in a series, a gradatiof 
which agrees in genera! with the structural gradation, which we maj 
establish upon anatomical evidence. For instance, the b*'"- " >, 
with their various forms, rank below the tailess Satruch,"^"^ ""^"l 

And wliere we have a succession of those animals in tj^K"^^^ "' 
'lilted out. 
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deposits as they occur in various parts of Europe, we may fairly say 
that the fossils form, in their succession, a eeries of progreeaive 
types. 

Another esampla may poi'haps illustrate the point mofe fully. 
The oTthoeera of the oldest periods precede tlie curved lituites, which, 
in their turn, are followed by the circomvolute nautilus. Here, 
again, wa have a natural gradation of a series of progressive types. 
Again, among crinoids, we find, in the older deposits, a variety of 
species resting upon a stem, while free crinoids begin to appear only 
during the secondary deposit and prevail, in the present creation, 
over those attached to the soil. Here, again, we have a series of 
progressive types developed suocesaiTely, which are apparently inde- 
pendent of each other and seem to bear no other relation to each 
than that arising from the general character of the group to which 
they belong. Such types exemplify simply in the groups to which 
they belong, ft real progress in the sucoeBsivo development of the 
peculiarities which characterise them as natural dlvis'ons among ani- 
nuls. Such forma I shall call Progressive Types. 

The relations, however, -which are exemplified in the oldest 
fishes, in the ichthyoaaurians, in the pterodactyls or in the megft- 
losaurians, seem to me Co be clearly of a different character, and to 
differ from simple progressive types, inasmuch as those which appear 
earlier, combine peculiarities which, at a later period, appear sepa- 
rately in distinct forms. For instance, the reptilian characters 
which we recognise in the sauroid Sshes, are developed at a later 
period in animals no longer belonging to the class of fishes, but con- 
stituting by themselves new types, provided with additional peculi' 
arities which separate thorn fully frora the fishes in general, aa well 
as from those Sahes in which we recognise some relation to reptiles 
during a period when no reptile existed. 

Again, the ichthyosaurians, though true reptiles appearing long 
after fishes had been called into existence, and during an early period 
of the history of the reptiles, still shew their relation to fishes by the 
character of their vertebral column, and foreshadow, as it wei^e, in 
their form, the cetaoea of later ages, as well ai many forms of the 
gigantic saurians of the secondary period. The same may be aaid of 
the ptorodactjla, which are also true reptiles, but, in which the an- 
terior eitremity foreshadow peuuliftrities characteristic of birds and 
bats. Such types I shall call Propkelie Types. 

To an analytic mind the examination of the peculiarities of such 
animals may fortell a higher progress of development, carried out in 
real existence, only during a later period, even if he had never seen 
the later ones ; for in such types the germs of a future development 
may be recognised, and upon close examination, truly referred to 
the peculiarities of other higher groups, even if the intermediate 
links remained unknown, which, however, as the matter now stands, 
l>2 
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can leave no doubt in our mind tbat tbese prophetic typns really for&- 
shadowed that dive)*Bity of forms whicli has been ci'eated since they 
have gone by. We niay also say that these prophetic types lay be- 
fore us the course of thoughts which has been carried out in the plan 
of creation by the Supreme intelligence, who called them into exist- 
ence in rich order of succession, and in so diversified relations. The 
recognition of this prophetic character of certain types of extinct ani- 
mals is not only important in a philosophical point of view ; I have 
no doubt it will ultimately and rapidly lead to a better, fuller, higher, 
and deeper understanding of the various relations which exist 
between animals. Let me at once point to some of these rela- 
tions which might never have been understood but for this appre- 
ciation. 

Among Crinoids, we have not only progressive types, as I have 
already quoted, but we have also prophetic ones. The Cystids are 
truly prophetic of the Echini proper. I may only mention the genua 
Bchiiiocrinus to shew the link. 

The Pentremites, again, are the prophetic type foreshadowing the 
atarJishea. And often in subordinate groups we may findsuch close 
relations between genera of the same minor diviiiions ; such, for in- 
stance, as the genus Encrinus, in which the genera Apiocrinus and 
Pentacrinus, are sinmltancously foreshadowed. Perhaps, in this 
case, a distinction might be introduced between truly prophetic types 
and synthetic types, in which the characters of later groups are 
rather more combined than really foreshadowed. 

As for the relation between older types and the embryos of the 
living representatives of the same families which are so extensirely 
observed in almost all groups of the animal kingdom, which have 
existed during earlier periods, it may best be expressed if we call > 
those fossils which exemplify, in full grown animals, forms which 
exist at present only in the earliest stages of growth of our living 
animals, Embrt/onio 7)/peg, in counterdiatinction from the progressive 
types, and from the prophetic types. These embryonic types may 
be purely such, or they may be at the same time either progressive 
types, or even prophetic types. I shall call purely embryonic types 
those in which we recognise peculiarities characteristic of the em- 
bryo of the same family. For instance, the older Sauroids, which 
have the upper lobe of the tail prolonged, or the common Crinoids 
provided with a stem, which resemble the young Comatulse, Sec, &c. 
I shall diatinguish, as progressive embryonic types, those in which 
we recognise simultaneously a relation to the embryo of the same 
family, when they form besides a link in the natural chain of pro- 
gressive development. Such, for instance, as the oldest Sahimandera, 
or the earliest Sirenoid Pachyderm. Finally, I shall callj propbetie 
embryonic types those in which we have embryonic charaAters, coiiv- 
hined with the peculiarities which stamp the type as a pro& otelic one, 
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such, for inHtaiiue, as the Echinoid and Asteroid Crinoids of the for- 

The fact that these different types may thus present complications 
of their character, or appear more or less pure and typical, goes 
further to shew how deeply diyeraifiod the plan of creation is, and 
how many relations should be simultaneously understood before we 
are prepared to have a full insight into the plan of creation. There 
we see one type forming simply, and alone, the first link of a progrea- 
BiTe series. There we see another which foreshadows types, which 
appear isolate afterwards. There we see a third, which, in its full 
development, exemplifies a state which i^ transient only in higher 
representatives of the same family. And then, again, wo sea these 
different relations running into each other, and reminding us that, 
lioweTer difficult it may be for us to see at one glance all this diversity 
of relations, there is, notwithstanding, an intelligence which not only 
conceived these various combinations, but called them into real exist- 
ence in a. long succession of ages. — i. Agassix in th 
Association for the Advancement of Science, August 1849. 



On a new Analogy in the Periods of Rotation of the Primary/ 
Planets discovered by Daniel Kirkwood of Pottsville, Penn- 

At the recent meeting of the Association fur the Advancement of 
Science, an announcement was made, which, if it is found to ho cor- 
rect, will bo regarded as relating to one of the most important dis- 
coveries which have been made in astronomy for years. It is no less 
than a new law of the solar system, closely resembling those of K,op- 
ler, which form the groundwork of many of the problems of astronomy. 
Mr 8, C. Walker read to the Association a letter from Mr Daniel 
Kirkwood, of Potts v ill e. Pa., tho discoverer of this new law, from 
which we make some extracts, omitting all that refers to the higher 
branches of mathematics. 

" While we have in the law of Kepler a bond of mutual relation- 
ship between the planets, as regards their revolutions around the 
sun, it is remarkable that no law regulating their rotations on their 
Axes has ever been discovered. Tor several years I have had little 
.doubt of the existence of such a law in nature, and have been en- 
gaged, as cii'cu instances would permit, in attempting its development. 
I have at length arrived at results, which, if they do not justify ma 
in announcing the solution of this important and interesting problem, 
must at least bo regarded as astonishing coincidences." 

After stating some equations, he gives the following tables as the 
data on which he has proceeded : — 
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Mara. 


p.r»d. 


Mtreurj, 


36,Bli,U0O 


377,000 


526'3 


87-63 


YenuSj . . . 


SS.787,000 


2,463,!-36 


1669'6 


230-90 


Karih, . . . 


95,103,000 


2,817 409 


l.-87fi-S 


366-25 


Msrs, . . , 


14^,908 OOO 


383,735 


626-7 






■191.787,000 


9B,3,570,323 


30-87 SB 


10-471-00 


Saturo, , . . 


907,162,000 


284,738,000 


16-8741 


24-62000 


Ur«nog, . . 


»,K24,290,000 


35,186,001: 


5-931-5 





From these data he doducea the folkiwiug law ; — " The square of 
the number of a primary planet's daj's in its year, is as the cube of 
the diameter of its sphere of Eittractioa in the nebular hypothesis." 

" The points of e<^ual attraction between the planets severally 
(when in conjunction), are situated as follows.: — 

MilfiE from the UUcn from the 



Between Mercury and Venna. 
" VenuB and the Earth, 
" Earth and Maw, 
•' Jupiter and Saturn, 
" Saturn and Uranus, 



8,029,600 23,943,400 

12,716,600 13,399,400 

36,264,600 13,540,400 

266,655,000 145,710,OOU 

678,590,000 238,538,000 



" It will be seen from the above, that the diameter of the earth's 
sphere of attraction is 49,864,000 miles. Hence the diametecB of 
the respective spheres of attraction of the other planets, according to 
my emperical law, will be found to be as follows ; — 



Mercury, 

Jupiter, 
Saturn, 



Diametar uf sphew 
uf Attr«ctLoa< . 
19,238,000 
36,660,000 
74,560,000 
466,200,000 
824,300,000 " 



" The Tolumea of the sphere of attraction of Venus, Mftrs, ' 
Saturn in this table, correspond with those obtained from the pre- 
ceding one ; that of Mars eitendiiig 61,000,000 miles boyond hia 
orbit, or to the distance of 206,000,000 miles from the sun. This 
is about 2,000,000 or 3,000,000 miles less than the mean distance 
of Flora, the nearest discovered asteroid. That of Mercury estends 
about 1 1,000,000 miles within the orbit ; consequently, if there bo 
an undiscovered planet interior to Mercury, its distance from th^ 
Sun, according to my hypotheBis, must be less than 2l 
miles. Jupiter's sphere of attraction extends only about 2OO,(V^0,0OO 
of miles within hig orbit, and leaving 89,000,000 milpp"''i^'' the 
asteroids. It is only in the most distant portion of this sfjtf'f/ where 
small bodies would be likely to be detected, that none ha«'*/^* hecn 
discovered," 



,£^ 
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Mr Kirtwood then niodeslly concludes : — 

" The foregoing ia submitted to your inspection with much diffi.- 
dence. An author, you know, can hardly be expected to form a 
proper estimate of his own pertbrmance. When it is consideped, 
however, that my formula inrol^-es the distances, masses, annnal re- 
volutions, and axial rotations of a,lL the primary planets in the sys- 
tein, I must confees I find it difficult to resist the conclusion, that 
the law is founded in nature." 

After this letter had been read, Mr Walker said, that, induced by 
the importance of the snbject, he had ut onue proceeded to verify 
the data and conclusions of Mr Kirkwood, and hod found that there 
was nothing in them requiring modification, except, perhaps, the 
subGtitution of some more recent values for the masses of Mercury 
and Uranus, This theory and that of Laplace, with reference to 
nebuls, mutually strengthen each other ; althoDgh the latter has 
been a mere supposition, while the former rests upon a mathematical 
basis. In a later letter, which was also read, Mr Kirkwood says 
that he has pursued this subject for the last ten years, it having 
been first su^ested to him by the nebular hypothesis, which he 
thought could be established by some law of rotation. 

Mr Walker thtin entered into a lengthened examination of the data 
on which the law rests, and seemed to come to the conclusian, that, 
as far as we know at present, everything ia in favour of the truth of 
tlie law, except that it requires the assumption of another planet be- 
tween Jupiter and Mars. 

Mr Walker closed his examination by saying, " We may, there- 
fore, conclude, that, whether Kirkviood's analogy is or is not the ex- 
preaiion of a physical law, it is, at least, that of a physical fact in 
the meehaniaia of Che universe. The quantity on which the analogy 
ia baaed has such immediate dependence upon the nebular hypothesis, 
that it lends strength to the latter, and gives new plausibility to the 
presumption that this, also, is a fact in the past history of the solar 
system. 

" Such, then, ia the proeent state of the question. Thirty-six 
elements of nine planets (four being hypothetical) appear to har- 
monize with Kirkwood's analogy in all the four fundamental equa- 
tions of condition for each planet. 

" To suppose that so many independent variable quantities should 
harmonize together by accident, is a more strained construction of 
the premises than the frank admission that they follow a law of 

" If, in the course of time, the hypotheses of Laplace and Kirk- 
wood should be found to be the laws of nature, they will throw new 
light on the internal organization of the planets in their present, 
ftod in any mora primitive, state through which they may have 
nassed. 

" Tor instance, we may compute the distance from the centre at 
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which any planut must have received its projcotile furce, in order to 
produce, at the same time, its double movement of translation and 
rotation. 

" If the planet, in a more pi-imitive state, existed in the form of 
a ring revolving round the Sun, having its preaent orbit for that of 
the centre of gravity of the ring, the momentum of rotatiun must, by 
virtue of the principle of conservation of movement, have existed in 
some form in the ring. It is easy to perceive that this momentum 
is precisely the amount which must be distributed among the par- 
tides of the ring, in ordtr to preserve to all the condition of dynami- 
cal equilibrium, while those of each generating surface of the ring 
were wheeling round with the same angular velocity. 

" If the planets have really passed from the shape of a revolving 
ring to their present state, the prevalence of Ktrkwood's analogy 
shews a nice adaptation of parts in every stage of the transition. 

" If the primitive quantity of coloric (free and latent) had under- 
gone a very great change beyond that now indicated in the cooling 
of their crusts ; if the primitive quantity of movement of rotation 
had been different from its actual value for any planet ; if the law of 
elasticity of particles for a given temperature and distance from each 
other vai-ied from one planet to another in the primitive or present 
state ; in either of these cases, the analogy of Kirkwood might have 
failed. As it is, no such failure is noticed ; we are authorised, there- 
fore, to conclude, that the primitive quantity of coloric, the law of 
elasticity, the quantity of movement of rotation, the past and present 
radii of percussion, the primitive diameter of the generating surface 
of the rings, and tho present dimensions and density of the planets, 
have been regulated by a general law, which has fulfilled for all of 
them the four fundamental conditions of Kirkwood's hypothethis. 

" We may extend the nebular hypothesis and Kirkwood's analogy 
to the secondary system. If thoy are laws of nature, ihey must 
apply to both. In the secondary systems, the day and month are 
the same. This fact has remained hitherto unexplained, Lagrange 
shewed that if these values were once nearly equal, a libration sets 
in round a state of perfect equality ; but he offered no conjecture as 
to the cause of the primitive equality. On the nebular and Kii'k- 
wood's hypothesis, it wonld only be necessary that, upon the break- 
ing up of the ring, the primitive diameter of the generating figure 
and law of relative density of layers should be preserved." 

Professor Peirce, whose opinions will probably be regarded as of 
more value on such a subject than that of any other man in this 
country, — especially since his suucessful discussion with Leverrier, — 
remarked, that Kirkwood's analogy was the only discovery of the 
kind since Kepler's tinio that approached near to the character of 
bis three physical laws. Bode's law, so called, was at best only an 
imperfect analogy. Kirkwood's analogy was more comprehensive, 
and more in harftiony with tho known elements of the system. The 
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dianietei' af the sphere of attraction, a fundamental element in this 
analogy, now tor the 6rst time gave an appearance of reality to 
Laplace's nebular liypotbesia whicli it never had before. The posi- 
tive testimony in its favonr would now outweigh the former negative 
evidence in the case, however strong it may have been. It follows 
at least from Kirkwood's analogy, that the planets were dependent 
upon each other, and therefore connected in their origin, whatever 
may have been the form of the connection, whether that of the ne- 
bular hypothesis, or some other not yet imagined. 

At a ktep period of the meetina;, M, B. A. Gould junior, stated 
that he had gone through tho necessary calculations, using different 
quantities, and had come to the same conclusions as Mr Walker, 
Ke expressed his opinion, that at some future day the world will 
" speak of Kepler and Kirk wood as the discoverers of great planetary 

The members generally expressed the opinion, that Laplace's 
nebular hypothesis, from its furnishing one of the elements of Kirk- 
wood's law, may now be regarded as an established fact in the past 
history of the solar system. — American Anntiol of Scientifia Dis- 
covery, p. 335. 

NoTB. — Such, at least, is rather a representation of American 
opinions than of our own. We are inclined to compare it more with 
Bode's law than with Kepler's. The former is a mere arithmetical 
accident, applying indifferently well to a portion only of the planets, 
and having nothing of reason to advance for its establishment. The 
latter are essential parts of mechanics and gravitation, and precisely 
and perfectly, and necessarily true, not only in every part of the 
solar system, but through the whole universe. 

The fact of axial rotations being tho groundwork of Kirkwood's 
analogy seems fatal to it, for gravitation takes no more account of 
the time of rotation of a planet than it does of specific gravity ; all 
calculations of the movement of the body in space are equally inde- 
pendent of the one and the other. 

Under these circumstances, the degree of accuracy with which it 
may be found to apply is the only saving clause. Messrs Walker 
and Gould investigating the subject independently, and with better 
constants of mass and distance than Kirkwood had been able to pro- 
cure, declare that it appears perfecth/ ! We are sorry that the late 
hour at which we have received this paper has prevented us either 
from giving it in fuli, or from testing the theory rigidly. 

It will be observed that, accoifJing to Kirkwood's theory, in order 
to compute the time of axial rotations of any planet, it is necessary 
to have its mass and mean distance, together with tho same quanti- 
ties for the planets on either side of it. Now, these quantities ai-e 
only obtainable for Venus, the Earth, Saturn, and Uranus (a planet 
being lost between Mars and Jnpiter) ; and the rotation of Uranus 
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not having been obtained as yet, there remains only the three lirst 
b/ wliich the theory can be tested. 

In a, preliminary ealculatioa which we have inEtituted, we do not 
find the results so accordant as we had been led to expect, but 
still Bufficientl; eo to give a. certain probability of the approach to 
truth, in a case where thu i^uaotity had not been observed. 

Viewed in this light, some very interesting results are obtained. 

\at. The idear entertained by Bianehini and other observers, that 
the rotation of Venus is nearly 24 times as long as hitherto sup- 
posed, is utterly untenable. 

2d, The time of rotation of Uranus, a quantity never yet observed 
(but doubtless capable of being observed by a telescope of Lord 
Rosse's calibre, removed to a table-lattd in a tropical caiaitrj/^ is 
given; and appears so very different from any other yet observed, 
especially so from tbose of its iteighboura Saturn and Jupitei!, bft- 
ing =1-396779, earth's = 0'997270 (sidereal rotation in i 
solar days.) 

3d, Knowing tbe rotations of Jupiter and Mars, we may supply, 
by using the analogy conversely, the diameters o/ their sp/tcrea of 
attraction, and thus get at the elements of the lost planet between Majcs 
and Jupiter, and these appears to be; — mean distance=;2' 9086111 
(earth unity) , massin terms of Sun Tsg-Jj^if, sidereal rotation in 
earth's meaji solar days 2'406I04, and diameter of sphere of attrac- 
tion 0'83095L, in terms of earth's distance. The size is thus a tittle 
larj^er than Mars. The slowness of rotation is remarkable, especially 
in tbe case of a planet which is supposed bince to have burst into 
pieces : the Amerioami have called it Kirkwood. 

P. S. 



SCIENTIFIC INTELLIGENCE. 

METEOROLOGY. 

1. Um of Coloured Glasses to assist the View in Fogt.- 
L&vini of Turin, in a letter to the editor of U lnstitv,t at Paris, makes 
the following curious observation, which, if confirmed, may prove to 
b& of great importance : — " When there is a fog between two corres- 
ponding stations, so that the one station can with difficulty ba seen 
from the other, if the observer passes a coloured glass botween 
eye and the eyo-piece of his telescope, the effect of the fog is v«ry 
sensibly diminished, so that frequently the signals from the othet 
station can be very plainly perceived ; when, without the coloured 
glass, even the station itself is invisible. The different colours do 
not all produce this efTeet in the same degree, the red seeming to be 
tlie best. Those who have good sight prefer the dark-red, wltile 



wbu ai-i! Hhuit-bighled like the light-red better. Tlie explana- 
tion of this effect seems to depend upon the faet, thitt the white 
colour of the fog strikes too powerfully upon the organ of sight, 
eapecially if the glass have a somewhat large 6eld. But bj the in- 
sertion of the coloured glass, the intensity of the light is much diniir 
nished by the intoi-ceplion of a part of the rays, and the observer's 
eye is lens wearied, and, consequently, diatinguiUies bettor the out- 
]mes of the object observed." 

2. Oione. — Chemists are not yet fully agrood concerning tha 
nature or production of this singular Eubstance, ozone. To Schon- 
bein and WiJUamson wo are indebted for most of our knowledge con- 
cerning it. The latter has supposed it to be a compound of oxygen 
and hydrogen, from the fact, that, when the ozone completely freed 
&om moisture was passed over ignited copper, water was produced. 
De la Rive produced it by passing a current of electricity through 
pure dry oxygen gas contained in a receiver. It is also obtained is 
large quantities by passing oxygen gas over moistened phosphorous, 
and afterwards drying it. Thus prepared, it is a powerful cheniical 
ag<:nt, possesses bleaching properties, oxidises the metals with rapi~ 
dity, and destroys India^cubbor. The hydrogen acids of sulphur are 
decomposed by it, water being fornjed by uniting with the hydrogen 
of the acid, and sulphur being aet free. Professor Horsford has ob- 
served that ozone, subjected to a heat of 130" Fab., entirely loses 
its properties. Ozone, like chlorine, precipitates iodine, colouring 
a solution of iodide of potassium, and starch a deep blue colour. 
The peculiar smell, prevalent in the vicinity of objecls struck by 
lightning, as well as that occasioned by the escitation of an electrical 
machine, and by the striking of two pieces of silica together, it is be- 
lieved to be occasioned by ozone. — Editors. — Atiwial of Scientific 
DUoovery, p. 210. 

Method of Determining the Amount of Ozone in the Atmosphere. 
— At the meeting of the American Association, an instrument for 
determifiing the relative quantity of ozone in the air was presented 
by Professor Horsford. It consisted of a tube, containing at one 
end a plug of asbestos, moistened witli a solution of iodide of potas- 
siam and stareh. This plug within the tube, attached to an aspira- 
tor, would, as air passed over it, become blue. If much water 
Sowed from the aspirator, and of course much air Bowed over the 
aebestus before it became blue, the quantity of ozone indicated would 
be small. If but little water flowed (and this could be measured), 
the quantity of ozone indicated would be gi'eater. The quantities 
of ozone would be inversely as tlie volumes of air pa,SBing through 
the tube before blueness is, produced. — Annual of Scientific Dis- 
covery, p. 219, 
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IIVDUOGiKAPHY. 

3. On the Phenomena of the Rife and Fall of the Waters of the 
Northern Lakes of America. — At a meeting of tlie American Aoa- 
dainy, Febriiarj 1849, Mr Foster, of the Uiiiti.'d States Mineral 
SurTBj ia the North-west Territory, presented the result of some 
servations, undertaken with a. view of determining whether the watei-s 
of the northern lakes are subject to anj movements corresponding to 
tidal action. The result of these obserrations had eonvineed him 
that theae waters do not rise and fall at stated periods, correspond- 
ing to the ebb and flow of the tide, but are subject to extraordinary 
risings, which are independent of the influence of the sun and moon. 
These risings attracted the attention of the earliest voyageurs in 
these regions. Charlevoix, who traversed the lakes nearly a century 
ago, says, in reference to Lake Ontario : — '' I observed that in tliis 
lake there is a sort of reflux and flux almost instantaneons ; the 
rocks near the banks being covered with water, and uncovered again 
several times in the space of a quarter of an hour, even if the sur- 
face of the lake was very calm, with scarce a breath of air. After 
reflecting some time on this appearance, limagintd it was owing to 
springs at the bottom of tha take, and to the shock of their currents 
with those of the rivers which /aU into them from all sides, and 
thus produce those intermitting motions," The same movements 
were noticed by Mackenzie in 1789 ; by an expedition under Colonel 
Bradatreetin 1764; on Lake Eric in 1623, and at various later 
periods. In the summer of 1834, an extraordinary retroceseion of 
the waters of Lake Superior took place at the outlet of Sau It St Marie. 
The river at this place is nearly a mile wide, and tn the distance of 
a milo falls 18'5 feet. The phenomena occurred about noon. The 
day was calm, but cloudy. The water retired suddenly, leaving the 
bed of the river bare, except for a distance of thirty rods, and re- 
mained so for nearly an hour. Persons went out and caught fieli 
in pools formed in the depressions of the rooks. The return of the 
waters ia represented as having been very grand. They came down 
like an immense surgo, and so sudden was it, that those engaged in 
catching fish had barely time to escape being overwhelmed. In the 
HummeroflB47, on one occasion the water rose and fell at intervals of 
about fifteen minutes during an entire allernoon. The variation was 
from twelve to twenty inches, the day being calm and clear ; but the 
barometer was falling, Before the expiration of forty-eight hours, 
a violent gale set in. At Copper harbour, the ebb and flow of the 
water through narrow inlets and estuaries has been repeatedly noticed 
when there was not a breath of wind on the lake. Similar pheno- 
mena occur on several of the Swiss lakes. Professor Mather, who 
observed the barometer at Copper harbour during one of these fluc- 
tuations, remarks ; — " As a general thing, fluctuations in the baro- 
mpanied fluctuations in the level of the water; but some- 
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times the water-levol varied rapidly in the harbour, while no snch 
variations occurred in the barometer at the place of observation," 

As a general rule, these variations in the water-level indicate the 
approach of a storm, or a disturbed state of the atmosphere. The 
barometer is not sufficiently sensitive to indicate the sudden eleva- 
tions and depressions, recurring, as they often do, at intervals of ten 
or twelve minutes; and the result of observations at such time may, 
in Bome degree, be regai-ded as negative. Besides, it may not un- 
frequently happen, that, while etibets are witnessed at the place of 
observation, the cause which produced them may be so far removed 
as not to influence the barometer. We are, therefore, led to infer 
that these phenomena result, not from the prevalence of the winds 
acting on the water, accumulating it at one point and depressing it at 
others, but from sudden and local changes in the pressure of the at- 
mosphere, giving rise to a series of barometric waves. The water, 
cont'oi'ming to the laws which govern two iluids thus relatively situ- 
ated, would accumulate where the pressure was the least, and be dis- 
placed where it was the greatest. It lias been remarked by De la 
Seche, that a sudden impulse given to the particles of water, either by 
a suddenly increased or diminished pressure, would cause a perpendi- 
cular rise or fall, in the manner of a wave, beyond the height or 
depth strictly due to the mere weight itself. The diSerence in the 
BpeoiGc gravity of the water of the lakes and the ocean may cause 
these changes to bo more marked in the former than in the latter. — 
American Annual of Scientific Discovery, p, 245, 

4, Water 2%ermo»fte{er.— Lieut. Maury Biatea that he has been 
very much assisted in developing his theory of winds and currents by 
means of the thermometer used by some vessels for determining the 
temperature of the water. It was by means of those observations 
on the temperature of the water that he was enabled to prove that, 
oflTthe shores of South America, between the parallels of 35° and 
40° south, there is a region of the ocean in which the temperature 
is as high as that of our own Gulf stream, while in the middle of 
the ocean, and between the same parallels, the temperature of the 
water is not so great hy 22°. Now, this very region is noted for 
its gales, being the most stormy that the as yet incomplete charts of 
the South Atlantic indicate. Lieut. Maury says, however, that 
very few navigators make use of the water thermometer, so that he 
has experienced some inconvenience in his undertaking. Ue is the 
more surprised at this, i'rom the fact that New York owes much of 
her commercial importance to a discovery that was made by this 
thermometer. At the time when Dr Franklin discovered the Gulf 
Stream, Charleston had more foreign trade than New York and all 
the New England States together. Charleston was then the half- 
way house between New and Old England, When a vessel, in at- 
tempting to enter the Delaware or Sandy Hook, met a north-west 
gale or snow storm, as at certain seasons she is apt to do, instead of 
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running off for a few hours into the Gulf Stream to thaw and 
warm, as she now does, she used to put off for Charleston or the 
West Indies, nnd there remained till the return of spring before 
making another attempt. A beautiful inatanco this of the import- 
ance and bearings of a sinrrlc fact, elicited by science froRi the works 
of nature. — Annual of SiAentific Ditcovery, p. 160. 

6. On (Ab Falis of Niagara. — If we follow the chasm cut by the 
Niagara river, down to Lake Ontario, we have a euccessioD of strata 
coming to the surface of various character and formation. These 
strata dip south-west or towards the Falls, so that, in their progress 
to their present position, the Falls have had a bed of verj varioDS 
ConGistency. Some oftlieae strata, as the shales and medlna sand- 
stone, are very soft, and, when they formed the edge of the Fall, it pro- 
bably had the character of rapids ; but, wherever it conies to an edge 
of hard rock, with softer rock-beds below, the softer beds, erumbling 
away, leave s sbolf projecting above, and then tlie fall is peq>endi' 
cular. Such is the case at present ; the hard Niagara limestone 
overhangs in tables the soft shales underneath, which at last are 
worn away to such an extent as to undermine the euperin cum bent 
rookg. Such was aUo the case at (Jueenston, where the Clinton 
group formed the edge, with the medina sandstone below. Tbia 
process has continued from the time when the Niagara fell directly 
into Lake Ontario to the present time, and will continue so long as 
there are soft bods underneath hard ones ; hut, from the inclinaticoi 
of the strata, this will not always be the case. A time will come 
when the rock below will also be hard. I'hen, probably, the Falls 
will be nearly stationary, and may lose much of their beauty from 
the wearing away of the edge rendering it an inclined plane. I do 
not think the waters of Lake Erie will ever fall into Lake Ontario 
without any intermediate cascade. The I 
tensire that possibly, at some futute time, the river below the cas- 
cade may be enlarged into a lake, and thus the force of the falling 
water diminished ; but the whole process is so slow, that no accurate 
calculations can be made. The Falls were probably larger, and 
stationary for a longer time at the *' Whirlpool'' than anywiiere else. 
At that point there was no division of the cataract, but at th« 
" Devil's Hole" there are indications of a lateral fall, probably 
similar to what is now called the American Fal!. At the WhirU 
pool, the rocks are still united beneath the water, shewing that they 
were once continuous above its surface also.' — Agassis on Lake 
Superior, p. 16. 

6. On the Existence of Mangamse in Water. — At a Diee^ng of 
the American Academy, in January 1849, Dr Oharies T. Jackson 



* Tbe data on which these and the previoos reiOBrkB on the geology of the 
FalU lire founded, Bre derived from ProfeBsor Jamea Hall's investigationa id 
the New York State Snrvey. A, 
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stated that he had discovered the presence of manganose in the water 
of Etreams, lak«s, &c., almost universally. He detected it in water 
from the middle of Lake Superior, in Cocbituate water, and in water 
from various Bourcea. It has unually been regarded as iron in pre- 
vious analyses. He considered the observation as bai'ing an import- 
ant bearing in accounting for the deposits of bog manganese at the 
oatlcte of ponds, lakes, and in bogs, as well as for the source of the 
oxide of manganese in the blood. — AnntMl of Seientifie Discovery, 
p. 202. 

On the Presence of Organic Mtttter in Water. — The following - 
facts relative to the presence of organic matter in water were pre- 
sented to the British Association, by Professor Forohbammer, as the 
resalt of extended observations on the water, near Copenhagen. 

\st. The quantity of organic matter in water is greatest in sum- 
mer. 2d, It disappears, for the most part, as soon as the water 
freezes. Zd, Its quantity is diminished by rain. 4th, Its quan- 
tity is diminished if the water has to run a long way in open channda. 
The hy permanganate of potash or soda is recommended by the Pro- 
fessor as a most excellent test for the presence of organic matter in 

7. Arsenic in Chalybeate Sprinffs. — Since the discovery of 
SiTsenic in the deposits from certain chalybeate springs, it has been 
asked whether the poisonous properties of this substance are not 
neutralized by the state in which it is found, M. Lassaigne has 
finished a seiies of experiments connected with this subject, for the 
purpose of ascertaining the proportion of arsenic contained, in what 
state of combination it exists, and the nature of the action which 
these arseniferous deposits exert in the animal economy. The fol- 
lowing are M. Lassaigne's conclusions: — 1. In tbe natural deposits 
of the mineral waters of WattviUer, arsenic exists to the amount of 
2*8 per cent. 2. A portion of these deposits, representing 1'76 
grains of arsenic acid, or 1-14 grains of arsenic, produced no effect 
upon the health of a dog. 3. This non-action shews that the poisou- 
OUB property of the arsenic is destroyed by its combination with the 
peroxide of iron, and thus confirms what has been before asserted, 
that peroxide of iron, by combining with arsenuous and arsenic acid, 
destroys their poisonous properties, and consequently becomes an 
antidote for them. 



8. 77ie Coal Formation of America. — The cob! regions of America 
are, from the explorations which have thus far been made, supposed to 
be divided into three principal masses ; the great central tract, ex- 
tending from Tuscaloosa, Alabama, to tbe west of Pennsylvania, and 
being apparently continued to New Brunswick and Novia Scotia; 
the second tract strikes north-westward from Kentucky, crosses the 
Ohio, and stretches through Illinois to the Mississippi River; a third 
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region, smaller tlian tlie othois, lies between the three great lakes- 
Erie, Huron, and Miuliigan, Competent geolugista affirm that, fi 
a oomparison of tlie uoal strata □!' contiguous basins, thm^e a 
more than detached parts of a oncu continuous deposit 

The extent of this enisrmoua coul Geld is, in length, from nort 
east to Nouth-west, more than 720 miles, and its greatest [ 
about 160 miles; its area, upon a moderate calculation, amo 
63,000 square miles! In addition to these, there are several < 
tached tracts of anthracite in Eastern I'ennsylrania, which form ai 
uf the most remarkable coal trauCs in the woi'ld. They occupy a 
area of about 200 square miles. 

The strata which constitute this vast deposit comprehend e 
all the known varieties of coal, from the dryest and most coi 
anthracite to the most fusible and combustible common coal, 
of the most remarkable features of these coal-seams is their pro 
gious bulk. The great bed of Pittsburg, extending nearly theei 
length of the Monongahela River, has been traced through a gre 
elliptic area, of nearly 225 miles in its longest diameter, and. of t' 
maximum breadth of about 100 miles, the superficial extent -jiei: 
14,000 square miles, the CliicknesH of the bed diminishing gra 
^rom 12 or 14 feet to 2 teet. In 1847 the anthracite coal r 

Pennsylvania furnished 3,000,000 tons, and 11,439 vessels cleared'^ 
n that year, loaded with the article. The p: 
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The bitummoue C.C. .^.-.-^-^ ^Ue/^'V United States is 133,132 sqa. 
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to a. great number. I find tLat these terraces 

in Euccessive basins, formed by the approaches of the moun- 

upon the banks at intervals. Sometimes the basin will be 15 

I miles in width, but usually much narrower; and it is upon 

lie margins of these basins that the terraces are formed. I have 

Irarely found terraces more than 200 foet above the river, which 

troald hu in Massachusetts, about 300 feet above the ocean, and at 

Sanover, N.U., about 560 feet. Nowhure do they exist along any 

that I'iver haa basins. Aa to the materials of which 

ihey are formed they appear exceedingly artificial. The outer or 

highest terrace is generally composed of coarser materials than the 

inner ones. They are all composed of materials which are worn 

from the rocks, but the outer teri'ace oftener is full of pebbles, some 

of them as lai^e as 12 inches, while the materials of the inner seem 

reduced to an impalpable powder, like the soil of a meadow which is 

overflowed during high water. Whence did these materials origi- 

laterials were fii-st worn from solid roels, and after- 

Ivards brought into these valleys. The outer terrace appears to have 

m often in part the result of the drift agency. Afterwards, tha 

Br agency sorted the materials, and gave them a level surface, the 

Inocessive basins having at that time barriers. The inner terrace 

ipears to have been, at least in its upper part, the result of deposi- 

)n from the river itself, 

'• I will now mention a few facts which I have observed. The 
es do not generally agree in height upon the opposite sides of 
le valley. The higher ones oftener agree, perhaps, than the lower 
leB. If formed, as J suppose, from the rivers, we should espect 
lis. The terraces slope downwards in the direction of the stream, 
he same terrace which, near South Hadley, is 190 feet above the 
iver, slopes until, at East Hartford, it is only 40 feet above the 
iver, thus sloping 150 feet more than the slope of the river 
itself, in a distance^ of 40 or 50 miles. This shows that they 
could not have been formed by the sea or by a lake, for they would 
then have been horizontal. The greatest number of terraces ob- 
served is eight or nine. G-enerally there are hut two or three." 
President Hitchcock then gives his view of the precise mode in which 
these terraces were formed, illustrating them by references to other 
[Jiarts of our country, and concludes by a notice of the erosions of the 
■face. — Annual of Seientifie Discovery, 1860, p. 229. 



10. Fossil Crinoids of the United States. — At the meeting of the 
Anerioan Association, 1849, a paper on the fossil crinoids of Ten- 
:, by Professor Troost, was read by Professor Agassiz.* The 

^ilifcroiia remains were dincovered in the carbouaueous and situ- 
tlie Staia, and shewn wonderful de'.eWpme'Bto^ Oi\BS.to«n otKa-i- 
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species eiLibmued are not less than eigbtj-eiglit in number, of whicb 
only half a dozen have been described. It is the opinion of Professor 
Hall that all thesilurian fonnationsof New York, previous to the b&- 
ginnirig of the geological Burvey, did not afford more than four orfira. 
Kow, about sixty species have been ascertained. Professor Hall men- 
tioned the fact, that all the crinoids of the lower silurian rocks, with 
the exception of one species, have five pelvic plates, and we never Qnd 
one with three, or any other number of these platus, before wo reach 
the highest deposits. In Tennessee, the crinoids are bo abundant, 
that Professor Troost states that he bad been able to collect some 
300 or 400 good specimens of seven or eight different species in » 
single morning. In relation to the abundance ol' these fossils in tha 
United States, Professor Agassiz remarked, that it is not, perhaps, 
sufficiently appreciated of what importance, and of what immense 
value the study of these fossil crinoids may be for the progress of 
palEeontology. American students should be proud of these raftCe- 
riala, by which they will be able to throw so much light upon these 
almost extinct families by their personal investigations, which will 
not only render them independent of tlie palaeontologist from abroad 
for information with regard to the succession of types, and the full 
illustration of these structures, but really afford correct standards for 
comparison. It is the more desirable that all these fossils should be 
made known, as the family of crinoids is so reduced in our daja 
that we can form no idea of the living animals of that group, of their 
diversity of form, modification of character, and peculiarity of posi- 
tion, from the living typo only. He doubted whether the number 
of crinoid heads of all species found in Europe, now exii^ting in the 
Museums of Europe, is one-third the number of those which have 
been found by a single gentleman in Tennessee in one morning. 
Now, with such materials, consider what precise and what minute 
Inretitlgatioiis could ba made. And if these facts could be once fully 
ascertained and well illustrated, there is no doubt that the series of 
crinoids, and their succeF!sion in former ages, will be established froni 
American standards, and will>no longer rest upon the European evi- 
dence, which has often been derived from the examination of small 
Iragments of those ancient fossils, found in unconnected basins for 
the mobt part, so that their geological succession could be ascertuned 
only with groat doubt and difficulty. In conclusion. Professor 
Agassiz would venture to nay, that geologists who have had any oppor- 
tunity to compare the position of the ancient rocks on this continent 
of North America with the corresponding deposits of Europe, would 
agree with him in saying that the geology proper, the atratography 
of North America, will afford the same precise and well authenti- 
cated standards fur the appreciation of the oi*der of succession of rocks, 
as fossils will for the order of auouession of living beings. — Ameri- 
can Annual of SHenti^c DUcovry, p 282. 

.. Thirty-Qne genera, aixt«Gn of 
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11. Discovery of Coral Animals an the Coast of Massachiisetta. — 
PruiWsBor Agassiz, while on an expeditioii in one of the vesBels of 
the coast siifvey during the past summer, obtained by means of a 
dredge, from a depth of seventy-two feet, in the Vineyard Sound off 
Gay Head, several specimens of a, cui-al with its animals. By great 
care and attention they wore preserved alive in glass, jars for more 
than six weeks, and afforded an eacellent opportunity for an ex- 
amination and observation of their structure and habits. Those 
corals belong to the genus Astrant;ia, and have been named by 
Professor Aga^eiz, in honour of Professor Dana, geologist of the 
exploring expedition, Astrangia Dana. 

This species presents two varieties. Some are of a pink or rose 
colour, others are white. The general form of the animal is a cylin- 
der (as of all Polypi) resting on its base, and expanded on the upper 
margin ; thus expanded it is about two lines in diameter. The 
number of tentacles is definite, but it is not always the same abso^' 
lute number. It never exceeds twonty-four ; in earlier periods of 
life there arc onl;f twelve, and there is even an epoch when there 
are only six. 

It ia, perhapa, a matter of surprise that the coral animal should 
Lave been found in this latitude. They teem in the warm latitudes ; 
but there are very few species in the more temperate regions, and 
hot for the opportunity afforded by the coast survey, the existonoQ 
of these animals could not have been suspected on these shores. 
For many yeai'B, however, deud fragments had been found along 
the shores ; but whether they lived there naturally or not had 
not been ascertained. — -Ameriean Antival of Scimti^ Discovert/, 
p, 311. 

12, On the CirciUation and Digestion of the Lower Animah. — 
Professor Agassiz states, that the circulation of the invertebrala can- 
not be compared to that of the vertebrata. Instead of the three con- 
ditions of chymu, chyle, and blood, which the circulating fluid of the 
vertebrata undergoes, the blood of that class of the invertebrata 
which he had particularly studied, the an lie I ida or worms, is Hnipio 
coloured chyle. The receptacles of chyle in different parts of the 
body are true lymphatic hearts, like those found in the vertebrata ; 
this kind of circulation is found in the artlculata aai mollusks, with 
lew exceptions, and in some of the ouhinoderms. In the medusss 
and polyps, instead of chyle, chyme mixed with water is oirculated; 
this circulation is fonnd in some mollusks and intestinal worms. Pro- 
fessor Agassiz thinks, that the em bi'yo logical development of the 
higher animals shews a similar succession in the circulating function. 
As regards the conneution between respiration and circulation iu ver- 
tebrata, the gilU are found between branches of the blood system ; in 
isvertebrata, the chyliferous system is acted on by the respiration. 
The gills of fishes, Uierefore, cannot be compared to tjie gills of cnis- 
tacea, articulata, and tnoUusks. In fact, no gills arc connected with 
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the chyiiiifernus circulation. Annuals having Uiisciroulalion, hate 110 
true respiration. They hate only tubes to distribute freshly aSratoJ 
water to different parts of the body, — Ptog. Bost. Nat. Hist. Sob. 

13. Distribution of the Tatat-eoua Mollusca of Jamaiea. — Thi 
great member of species is remarkable. A few miles of coast, with- 
out the aid of storms, and withonl dredging, yielded 450 species^ 
In the small bay of Port Eoyal, 350 marine species were found: 
A pint of sand, taken from a surface three yards long, contained 118 
sptjcies. Probably there are 350 or 400 specimens of land shells^ 
and two 01' threo times as many of marine species. Extensile di»^ 
triets occur, howuver, which are nearly destitute of land or Diario^ 
shells. They are accumulated in favourable stations. 

The difference in the extent of the distribution of the marine an«l 
of the terrestrial species is remarkable, A majority of the marin» 
species are known to occur in the other islands ; probably not morA 
than 10 or 15 per cent, of them willbefoundtobepeculiar to Jamaica. 
But of ibe land shells, 95 per cent, are peculiar to the island. Thfl 
limited distribution of the terrestrial species is remarkable, A few 
are generally distributed, but a large number are limited to dis^i: 
tricta of a few miles in diameter : and several, although occurring 
abundantly, could be found only within the space of a few rods. 
Only seventeen fresh-water species were found. Favourable statiooi 
for freah-walcr species are rare. 

In respect of the number of individuals of moUusca in Jamaica, B^ 
compared with more northern latitudes, the rule so obvious in tha 
class of Sshes Is not applicable to the same extent. Of Sshes, tha 
species are much more numerous, but individuals much less so. " 
the mollusca, the total number of individuals is about the sav 
in this latitude, and the nnmber of species represented by a profusios 
of individuals is about the same. But the number of species not 
occurring abundantly is much greater, so that the average of indi- 
viduals to all the Bpocies is less than in this latitude. From a. cora- 
parifaon of the laws of distribution of the marine and terrestrial 
species in the Antilles, it follows that the number of the latter must 
exceed that of the former. With the insular dbtribution of tha tep- 
I'estrial species may be associated the fact, that the coral reefs are 
all fringing, for both facts are connected with the geological fact,' 
that these islands are in a process of elevation. — Professor Adam* 
before the American Association. — Amenean Annual of SeientifUi 
Diseoveri/, p. 334. 

14. Metamorphoses of the Lepidoptera. — Professor Agassiz said 
that he had. during the past season, been studying the metamor^ 
phoses of the Lepidoptera, and, to his great surprise, he had founfl 
that one stage in the transformation of these insects haa been over- 
looked by naturalists. We knew the Lepidoptera in three condi- 
tions, — that of the worm, furnished with jaws and jointed, the chry- 
salis, and the perfect insect with four wings. The change not be- 
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fore described, which he had noticed, is sotnewhaC concealed under 
the skin of thfi caterpillar. The animal at a certain period swells 
at the thoraci region, and becomes extremely sensitive to the touch 
in this part, the skin being, in fact, in a state of inflammation. On 
uutting open the skin at this place. Professor AgassJz found beneath 
it a four-winged insect, before it had passed into the chrysalis state, 
The wings were iong enough to extend half the length of the perfect 
inaeut. The posterior pair he found to be membraneous bags, some- 
what flattened, like the respiratory vesicles of marine worms, with 
distinct ribs, which are blood-vessels. The anterior pair are also 
bags, with their upper half stiff and inflexible, like the elytra of 
coleoptera. The legs are tubular, but not joined, as in the perfect 
insect. Tlie jaws are changed into two long tubes, which are bent 
backwards, at; are also the antennfe. In the chrysalis, the wings 
are flattened and soldered together, as are the legs and sucking-tubes, 
which are bent backwards. The order of development of the differ- 
ent parts and the coleopterous condition at an incomplete stage, 
show that natDralista have been in error in placing chewing insects, 
as the coleoptera, above the sucking insects. The order should be 
roversed. Professor Agassiz said that he had confirmed his obser- 
vations in many specimens, by examining them Just at the moment 
when the skin begins to split on the Lack. — Amtrican Annual of 
Scientific Disi-oveiy, p. 327- 

15, On the Zoological Character of Y^oung Mammalia, — At the 
meeting of the American Association for the Promotion of Science, 
Professor Agassiz remarked, that zoologists liave, in their investiga- 
tions, constantly neglected one side of their subject, which, tvhen 
properly considered, will throw a great amount of new light on their 
investigations. Studying animals, in general, it has been the habit 
to investigate them in their full grown condition, and scarcely ever 
to look back for their characters in earlier periods of life. We scai-cely 
ever find, in a book of natural history, a hint as to the difference 
which exists in the young and old. Perhaps in birds, the colour of 
the young may be noticed ; and it is generally known, that the young 
resemble the female more than the male; but as to precise investi- 
gation of the subject, we are deficient. But if the early stages of life 
have been neglected, there is one period in the history of animals 
which has been thoroughly investigated, for the last twenty-five years, 
— embryology. The changes which take place within the egg itself, 
and which give rise to the new individual, have been thoroughly ex- 
amined; but, after the formation of the new being, the changes in 
its form which it passes through, up to its full grown condition, have 
neglected. It had been his object to investigate this subjfict, 
because he had been struck with the deficiency there is on this point 
T works ; and in making this investigation, he had found that 
the young animals, in almost all classes, differ widely from what they 
are in thoir full-grown condition. For instance, a young hat, a young 
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biril, ui' a young snake, at a certain perictd of their gronth witliin tlia 
egg, J'esomblo each other ta inuiiL, that he would defy the most able- 
zDologiijt ol' (lur day to diiitiiJguibli between a robin and a bat, oi 
between a robin and a snake. There is something; oi high signifi-- 
cancu in this /act. There is Bomething common to all these. There 
is a ihouglit behind theiie matijrial phenonieaa, which shews thaS' 
they ai'e all combined under one rule, and tliat tliey only come under 
different laws of development, to assume, hnuDy, different shapes^ 
according to the object for which tiiey were introduced. 

There ia a puriad of hfe, in which, wbaLerer may be the final fartu 
of their orgatui ul' locomotion, whatever may be (he final diiEireiieff 
between the anterior and puBtenor extremities, vertebrated animals 
hare uniform legs, in the shape of little paddlee or fins. This 'n 
case with lizards as well as birds A robin's wing and a robin's le^ 
which are so different from a bat's wing and a hat'b leg, do not essen- 
tially differ when young from the leg and arm of a bat. Wherever 
we observe combined fingers preserving this condition, we have ft 
decided indication tLat such animttla rank lower in the group to* 
which they belong. This is all -important, as we are enabled at anc» 
to group animals which are otherwise allied, in a natural series, a»> 
soon as we know whether they have combined or divided fingBrfc 
And the degree of division to which the legs rise in their develop* 
meuC is a safe guide in our claims ifi cat tun. Look, for instance, at thsi 
legs of dogs and cats, in which the fingers are completely separated, 
and so elongated, that the animals walk naturally upon tip-toe, and, 
compare theni with others, bears, for instance, which walk upon thtf 
whole solo of the loot ; and, again, with those of si-als or bats, wbtdli 
remain united, and constitute either fins or a wing. 

There are other reasons sufficient to convince us that the order' 
of arrangement whii;h he had assigned them, according the develop-- 
ment of the fingers, is justified by the state of development of the] 
other organs of the mammalia, and especially of their higher organfti 
and intellectual faculties and instincts. And I will also add, B&jjk- 
ProfeESor Agassiz, that mankind are not excluded from this coi 
tion, but, in common with other vertebrata, we are all at one stagei 
of existence provided with paddles or fins, which are afterwards de-. 
veloped into legs and arms. — Amoricixn Annual of Saeittijic Dis-' 
coverff, p. 324. 

16- The Manatus or Sea Cow, the Embryonic Type of tha 
Paehi/dermata ? — Professor Agassiz thinks that the Manati have. 
been improperly considered cetaceans : they differ from them in tha 
form of the skull, which is elongated, and in the position of the 
nostrils, which are in front. On the other hand, the skull resomblei 
that of the elephant in front (particularly when seen from above), ; 
some of the details of the facial bones, which are not like those of 
n the palatine bones, the arrangement of the teeth, 
k the curve of the lower jaw. Professor Agassiz, believed 
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this to be the true embryonic type of the Packydei'mata. — American 
Annual o/Seientific Discovery, p. 313, 

17. Foisil Elephant and Mastodon from Afrioa.- — M. Gervais 
communicated to the French Academy, on March 12th, that he hod 
JBEt received from Algiers, a drawing of the molar tooth of a fossil 
•elephant, whose genua is very easily recognised, and which indicates 

» species more resembling those found in a fossil state va Europe, 
titan the present African elephant. This tooth was found at Cher- 
chell, in the province of Oran. Sicily has hitherto been the sou- 
themmot^t point on the Mediterranean where the fo£siI elephant has 
been found. 

At the same time, he also mentioned the discovery, near Con- 
etantine, of some fossil remains of mastodons. Though fossil re- 
mains of this animal have been previously found in all the other por- 
tions of the world, these are ihe first diacovei-ed in Africa. The 
remains found are a tooth and a rib, and, as far as can bo judged 
from a drawing, they belonged to an animal more resembling the 
mastodon brevirostria, or the arvernensis, than the mastodon angus- 
todens. — American Journal of Seientific Dlscovsry, p. 287. 

18. Cauterization in the coJe of Poisonous Bites. — In the Comptes 
Rmdus for January 8th, we find an article by M. Parchappe, con- 
taining the result of his observations on the question, whether the 
spread of poison produced by a bite can be prevented by cauterizing. 
He was induced to examine into this subject, because M. Renard had 
stated that cauterization was found to have no effect when applied 
even within five minutes after the bite in the cure of one sort of 
vii'Us, and within one hour in that of another. These results, he was 
aware, though derived from experiments upon animals, would weaken 
the confidence of physicians and patients in the only mode that 
medicine possesses of preventing the bad effect of a bite from any 
poisonous aniinal, where, as is generally the case, some considerable 
time must elapse before the remedy can be applied. M. Parchappe, 
BCCDrdtngly, mode several experiments upon dogs, with an extract of 
BOX vomica, all of which go to confirm him in ascribing to cauteriza- 

' tion, a power even greater than that commonly allowed it. — " From 
^hese experiments it results, that the immediate amputation or de- 
struction in the living portion with which the extract of nus vomica 
has come in contact, has the power of preventing the bad efftcts of 
the poison, even when it has been in contact for some time." The 
Kuthor is aware, that there is considerable difference between the 
Tirus of animals, and the substance nsed by him, with reference to 
their direct and remote effects, but thinks that every one must admit 
that there is a great analogy between them, is of the opinion, that 
in both cases the poison remains in the bitten part for a considerable 
time before it is transmitted to the rest of the body, and that cauteriz- 
ing should be adopted in all cases where a poisonous bite is even 
suspected. 
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19. Dental Parasites. — At a meeting of the American Academ; 
December 1849, a, paper was read by Dr H, J. Bowditch, on tf 
animal aud vegetable parasites infesting tlis teeth, with the effects ot* 
different agents in causing their removal and destruction. Micro- 
scopical examinations had been made uf the matter deposited on the 
teeth and gums of more than fciiiy individuals, selected from a!I^ 
claEses of society, in every variety of bodily condition, and in nearly 
every case animal and vegetable parasites in great numbers had 
been discovered. Of the animal parasites there were three or tour 
species, and of the vegetable one or two. In fact, the only persons 
whose mouths were found to be completely free from them cleansed 
their teeth four times daily, using soap once. One or two of these 
individuals also passed a thread between the teeth to cleanse them 
more effectually. In all cases the number of the parasites were 
greater in proportion to the neglect of cleanliness. 

The effevt of the application of various agents was also noticed. 
Tobacco Juice and smoke did not impair their vitality in the least. 
The same was also true of the chlorine tooth-wash, of pulverized 
bark, of soda, ammonia, and vnriotis other popular detergents. Tho 
application of soap, however, appeared to destroy them instantly. 
We may hence infer that this is the best and most proper specific for 
cleansing the teeth. In all cases where it has been tried, it receives 
unqualiGed commendation. It may also be proper to add, tbat none 
but the purest whito soap, free from all discolorations, should be used. 
— Ame-rican Annual of Sdentijtc DUcovert/, p. 320. 



20. The Steamboat New World. — Every year sees some new 
steamboat constructed, which surpasses in size, magnificence, or 
speed those previously made. There is no doubt that the me- 
chanics ol this country eicel those of any other in their inland 
steamboaLs, and it is also probable that in a few years the aame 
can bo said of our sea-going steamships, though it nmst be allowed 
that those hitherto produced are, with few exceptions, decided fail- 
ures. During the present year, the new steamboat '' New World" 
has commenced running. She is said to be the longest boat ever 
put on the stocks in this country, and the longest afloat in the 
world. Her length is 337 feet ; extreme width, fi9 feet ; the 
engine ia 76 feet in cylinder, 15 feet in stroke, and the wheels of 
iron, 46 feet in diameter. She draws 4^ feot of water. The engine 
is a low pressure one, and though the boat is so very long she obeys 
the helm with great readiness. Her decorations are all of the most 
superb and costly character. 

If we even attain any greater speed either in our inland or sea- 
[oing steam -vessels, it will be principally by enlarging tiieir size. 
*mp)-ovements will doubtless be made in the engines 
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and in the models of the vessels, yet Che great gain will be by in- 
creasing the tonnage, for the reason that the size, and consequent 
room for engines and coal, inci'eases much faster than does the op- 
position caused by the water and the air. — American Annual of 
SaenXifia Discovery, p. 30. 

21. Use of Parachutes in Minet. — It is well known that vertical 
ladders for descending into deep minee are very fatiguing, so that the 
miners prefer to trust themaelres to baskets suspended by ropes, and 
in many cases the baskets are the only means provided for descending 
and ascending. But accidents frequently occur from the breaking 
of the ropes, in spite of all the precautions that can be taken to pre- 
vent it. The Brussels Herald states that some experiments have 
lately been made on a large scale in Belgium with a contrivance in- 
tended to remedy this evil. The basket or cuffert is so made, that, 
in ca^u the rope breaks, it immediately springs open, forming a sort 
of parachute, which is held suspended in the air by means of the 
strong current which, it is well known, is always rushing up from 
mines, owing to the toniperature below being higher than that above. 
The efTiict of this apparatus was shown before a numerous company, 
Bbveral miners entrusting themselves to the basket, whicii was so 
arranged that at a certain point the rope broke ; they were sustained 
in the air by the open basket, so that the experiments were entirely 
satisfactory. 

22. Adulteration of Drugs. — At a meeting of the New York 
Academy of Medicine, June 1849, an elaborate report was presented 
by Dr M. J. Bailey, on the practical operation of the law prohibiting 
the importation of adulterated and spurious drugs, medicines, &c. 

The report states, that since the law took effect, July 1848, over 
90,000 lbs. of drugs of various kinds have been rejected and con- 
demned in the ports of the United States. Of these, 3-1,000 lbs 
was included under the comprehensive title of Peruvian bark, 16,343 
lbs. rhubarb root, 11,707 lbs. jalap root, about 2000 lbs. senna, 
and about 15,000 lbs. of other drugs. The agitation of the bill 
which preceded the passage of the law had its effect abroad, and the 
supply of adulterated drugs from foreign markets has greatly de- 
creased. The domestic supply, has on the contrary increased. Within 
a recent period, quinine in considerable quantities has been found in 
the market, adulterated to the extent of some twenty or twenty-five 
per cent. These frauds were undoubtedly perpetrated by or among 
our own people. The material used for the adulteration of the 
quinine was found, on analysis, to be mannite and sulphate ofbarites, 
in nearly equal weights. The latter article has long been used for 
this purpose, but not until lately has mannite been detected in the 
sulphate of quinine. It seems to have been ingeniously substituled 
for salicine, and a somewhat similar substance prepared from the 
poplar bark ; which articles have heretofore been extensively used 
for like purposes. The ingenuity consists in the fact, that it is 
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mui;h more difficult to detact the ad iilt« nations when effected by the 
admiiture of mtinnitey than when by the admixture of salicine, &c., 
while the former can be furnished for less than one-fourth of the ex- 
pense of the latter. 

For some years past an extensive chemical establishment has been 
in operation at Brussels, in Belgium, built up at great enponse and 
oare, and expressly designed for the manufacture, on a large scale, 
of imitatioiiB of all tlie most important foreign chetnical preparations 
used in medicine ; while, at the same time, an agent was travelling 
in this country making sales, and soliciting orders in all the principftl 
towns on our sea-board. The articles were prepared and put up 
with consummate skill and neatness ; and the imitation was so per- 
fect that it was impossible for the unsuspecting purchaser to distin- 
guish them from the genuine, notwithstanding that, in some instances, 
they did not contain over live per cent, of the substances represented 
by the label. Since the law went into effect at the port of New 
York, not a single package has been presented for entry. Dr 
Bailey states, however, that he has been informed that the persons 
formerly connected with the Brussels firm, are now in this country 
engaged in the same iniquitous business ; hence the adulterations 
spoken of, — Annual of Scieiitlfie Diseoutry, p. 188, 

23. To restore De-ayed Ivory. — Mr Layai'd, in Ilia explorations 
among the ruins of Nineveh, discovered some splendid works of art 
carved in ivory, which he forwarded to England. When they 
arrived there, it was discovered that the Ivory was crumbling to 
pieces very rapidly. Professor Owen was consulted to know if there 
was any means of pri'venting the entii'e loss of these specimens of 
ancient art, and he came to the conclusion that the decay was owing 
to the loss of the albumen in the ivoiy, and therefore recommended 
that the articles be boiled in a solution of albumen. The experi- 
ment was tried, with complete success, and the ivory has been 
rendered as firm and solid as when it was first entombed. 

24, Ivory Of an Article of Manufacture.- — ^There are several 
sorts of ivory, differing from each other in composition, durability, 
external appearance, and value. The principal sources from which 
ivory is derived are the western coast of Africa and Hindostan : 
CamaroD ivory is considered the best, on account of its colour and 
transparency. In some of the best tusks the tran.spai'ency can be 
discovei-ed even on the outside. The manufacturers have a process 
by which they make poor ivory transparent, but it lasts only for i 
short time. A third kind of ivory, called the Egyptian, has lately 
been introduced, which is considerably lower in price than the 
Indian, but in working there is much waste. By an analysis, the 
African ivory shows a proportion of animal to earthy matter of 101 
to 100; the Indian, 76 to 100; and the Egyptians, 70 to 100, 
The value of ivory consumed in Sheffield, where it is much used in 
making handles for cutlery, is very great, and nearly 500 per- 
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BODS are employed in worting it up. To mate up the weight of 180 
tons coiiiiumcd in that plaue, there must be about 45,000 tusks, 
nhoHe average vreigfit is nine pounds each, though Eonie weigh from 
60 to 100 pounds. According to this, the number of elephants 
Itilled every year is 22,500; but allowing that Borne tuslis are cast, 
and some animals die, it may be fairly estimated that 18,000 are 
killed every year merely for their ivory, which is contrary to the 
usual belief that the ivory used comes from the tusks cast by living 
elephants. These estimates, it will be seen, are for Sheffield merely. 
26. Flemble Ivojy. — M. Ctiarriera, a manufacturer of surgical 
inatrnnients in Paris, has for some time been in the habit of render- 
ing flexible the ivory which he uses in making tubes, probes, and 
other instruments. He avails himself of a fact which has long been 
known, that when bones are subjected to the action of hydrochloric 
acid, the phosphate of lime, whiuh forms one of their component 
parts, is estrauted, and thus bones retain their original form and 
acquire great flexibihty. M. Charriere, after giving to the pieces 
of ivory the required form and polish, steeps them in acid alone, or 
in acid partially diluted with water, and they thus became supple, 
flexible, elastic, and of a slightly yellowish colour. In the course of 
drying, the ivory becomes hard and inflexible again, but its flexi- 
bility can be at once restored by wettiiig it either by surrounding it 
with a piece of wet linen, or by placing sponge in the cavities of the 
pieces. Some pieces of ivory have been kept in a flexible state in 
the acidulated water for a week, and they were neither changed, nor 
injured, nor too much softened, nor had they acquired any taste or 
disagreeable smell. 

26, Air-Whistle. — Mr C. Daboll, of New London, Connecticut, has 
invented a whistle that speaks with a most " miraculous organ " 
whenever its servicsE are required for the purpose of alarm or warn- 
ing. It is designed for the use of vessels at sea or on the coast, as 
on our eastorn shores, where dense fugs prevail, and vessels are 
liable to come in collision before they are conscious of each other's 
approach. Its great advantage is its power of communicating sounds 
I for a distance oi' from 4 to 5 miles, far exceeding the largest belU. 

L An experimental one has been placed on Bartlett's Beef, and the 

H pilot of the " Lawrence '' states that he has heard it when about 4 

H miles off from Bartlett's Reuf, against the wind, which was blowing 

H quite fresh at the time. This was on a clear day, and when the 

H whistle was blown at his request, and also by advice of the inventor, 

H 80 tliat the distance might be marked. It is probable that, under 

H the dame circumstances, the tones of a bell could not have been heai-d 

H more than from one half to three-fourths of a mile. The pilot of the 

^^ steamer *' K-nickerbockur " reports, that he made t/te whistle during 
^M a den^e fog, thirteen minutes' running-time of thv steamer, before 

^M coming up with the station where it is located. Ha therefore must 
^B have been some four or five miles distant from it when he heard it. 
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This whistle conBistti of an air chaniber or condenser, of boiler ir 
Buffictint]]' strong to resist almost anj pressure, an air-pump, and 
whistle similar to the ordinary ones used on locomotives. By niea; 
0^ the air-pump operating into this chamber, a pressure of air 
obtained in it of any required amount, — say one, two, or three hu 
dred pounds to the square inch. When the air is so compresGed, 
is made to operate the whistle by simply opening a valve, and gives 
a distinct clear sound. 

A memorial has been presented to the Treasury Department, 
signed by most of the commanders and pilots of the steam -boats run- 
ning through Long Island and Fisher's Island Sounds, setting forth 
the advantages to be derived to navigation from this whistle, and 
urging that it be introduced into the light vessels, and at all stations 
where the government intends to afford protection to navigation.— 
Annual of Sdentifio DtKovery, p. 70. 

27. Curious Eleetrioal Phenomenou. — We learn from a letter 
from a gentleman connected with the Bay State Mills, at Lawrence, 
Massachusetts, gome facts with reference to a new and curious applica- 
tion of electricity which has been introduced in those mills. The elec- 
tricity is generated by the motion of the machinery, and is employed 
for lighting up the gas burners. It exists in large quantities in tho 
card-rooms, where there are many belts runningon ironpuUeya, and, 
in the cold dry atmosphere of winter, often producing serious damage 
to the quality of the cording. The manner in which it was diacjvered 
that this electricity could be applied to " lighting up," is somewhat 
curious. When the gas was first let into the pipes in the mills, one 
of the overseers discovered fire setting out from one of the pipes near 
a belt, and on examination it was ascertained that a small stream of 
gas was escaping. Ii was surmised that it had been ignited by the 
electricity, and to prove it, an experiment was tried. Near a large 
belt in the carding-room was a gas-burner, and on a bench between 
thein there was placed a small quantity of wool, which is a non-con- 
ductor of electricity. If a person stood upon this wool, reaching one 
hand within two or three inches of the bolt, and touching the gas- 
burner with one finger of the other, the escaping gas wa* 
ignited with an explosion likethat of a percussion-cap, — thehodyof the 
operator thus being made the medium for conducting the electricity. 

The writer adds, — " We shall be able to make a great snring of 
expense in the woollen manufacture, as soon as we can discover an 
elective method of conducting tho electricity away from the cards, as 
we shall then be able to dispense entirely with the use of oil on the 
wool, we shall save at least ^30,000 per annum, when the mills are 
in full operation." — American Annual of Scientific Discovery p . 



Lixt of Patents granted far Scotland from 22d March lo 22d 
June 1850. 

1 . To JAMKi HiOBtNs, of Solfocd, in tliB county of LancasleT, muchino 
malar, and Thomas Showcield 'WHtTWOB'tH, of Salford aforesaid. " im- 
provemflnta in machinery for prepttrlng, Bpinning, and doubling cotfon, 
wool, flai, sili, and Bimilar fibroua materials." — 22d March 1850, 

2. To Frascaib VouiLLON, of Princes Street, Hanover Square, in 
the county of Middlesoit, manufacturer, " improvements in the manu- 
facture of hats, caps, bonnets, and other articles made of the same or 
similar mate rials."— 26 th March 1350. 

3. To WiLiiAM Ebwabd Newton, of the Office for Patents, 66 Chan- 
cery Lane, in the county of Middlesei, cisil engineer, " improvementB in 
the manufactore of knobs of doors, articles of fumiture, or other pur- 
poses, and in connecting metallic attachments to articles made of glass, 
or other analogous materials. ''^ — 26th March 1850. 

4. To Jonathan Charles Goodall, of Great College Street, Camden 
Town, in the county of Middleses, card-maker, " improrementB in nu- 
chinery for cutting paper." — 27tb March 1850. 

5. To Charles Felton Hailsmak, of Argyle Street, in the county of 
Middlesex, gentleman, " improvementa in machinery for spinning or 
twisting ootton, wool, or other fibrous substances." — SSth March 1850. 

6. To Robert Millioan, of Harden, near Bingley, in the county of 
York, manufacturer, " an improrementa mode of treating certain floated 
warp, or welt, or both, for the purpose of produoing ornamented fabrios." 
—28th March 1850. 

7. To Robert White, and James Hendebson Ghant, both of Dal- 
mamock Road, Qlasgow, North Britain, engineers, " certain improve- 
menta in machinery, or apparatus to be used in mines, which improve- 
ments, or parts thereof, are also applicable to other purposes of a similar 
nature." — llth April 1850. 

8. To William M'Labdv, of Manchester, gentleman, "certain im- 
provements in machinery or apparatus for preparing and spinning cotton 
and other fibrous substances.'' — 15th April 1350. 

9. To JoBN Scoffebn, of Essex Street, in the county of Middlesex, 
M. B., " improvements in the manufacture and refining - of sugai, and in 
the treatment and use of matters obtained in such manufacture, and in 
the construction of valves, and in soch and other manufacture," — 17th 
April 1850. 



10. To Jameb Bdck Wilson, of St Helens, in the coiinty of Lan- 
caster, rope-maker, " certain improTemeata in wire ropes." — 22i April 
1850. 

11. To Tbomab SrwES PaiDEius, of Southampton, gentleman, " im- 
pTOvementa in paddling, and other fumaceB."— 26th April ISdO. 

12. To Ch4Rlbb Cowfek, of Southampton Buildings, Chancery Lanei 
in the count; of Mifldlesez, " certain improvements in the treatment of 
coal, and in separating coal and other substances from foreign matters, 
and Jn the artificial fuel and cuke, and in the distillation and treatment 
of tar and other products from coal, together with imprOTements in tha 
machinerj and apparatas employed for the said poTpoBes," being a com- 
munication. — 26th April 1S50. 

13. To VmiE LuciEK, late of Paris, in France, but now of Sonth 
Street, Finshnry, French Advocate, " improvements in conveyances on 
land and water."— 36th April 1850. 

14. To EoBEBT DiLSLRiaH, of Glosgow, in the county of Lanark, in 
Scotland, merchant and calico printer, " certain improvementg in print- 
ing, and in the application of colours to silk, cotton, linen, woollen, and 
other textile fabrics." — 27th April 1850. 

15. To Ethian Campbbll, of the city of New York, in the United 
States of America, philosophical, practical, and exi)eriinental engineer, 
" certain new and useful improvements for generating and applying 
motive power, and for propelling vessels." — 30th April 1850. 

16. To RoBEET Reid, of Glasgow, in the county of Lanark, manufac- 
turer, " certain improvements in weaving."— i-3d May 1850. 

1?. To Maxwell Miller, of Glasgow, in the county of Lanaik, oop- 
persmith, " certain improvements in distilling and rectifying." — 3d May 
1850. 

18. To Tbomas Kbult, of the town and county of Nottingham, manu- 
facturer, and WtLLiAu Williausom, of the same place, frame-work 
knitter, " certain improvements in looped or elastic fabrics, and in 
articles made therefrom ; also certain machinery for producing the B^d 
improvements, which ii applicable in whole or in part to the monnfaoturfl 
of looped fabrics generally." — 8th May 1850. 

19. To Peter Armand Lb Comtb Mobeau Fontaine, of 4 South 
Street, Finsbury Square, in the county of Middlesex, patent agent, " cer- 
tain improvemonts for the production of heat and light, which improve- 
ments are applicable to ventilation, and the prevention of explosion*," 
being a communication.— 9th May 1850. 

SO. To Ethian Baldwin, of the ci^ of Philadelphia and State of 
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Penusj'lvajiia, in the United States of America, " a neir and useful 
method of generating and applying steam in propelling Teasels locomo- 
tive, and stationary machinery." — 9th May 1850. 

21. To Jacob Cannon, of Hyde Park, in the county of Middleeei, 
gentleman, " improvements in melting, moulding, and casting sand, 
earth, and other substances for paving, building, and various other useflil 
puipoaes." — 20th May 1850. 

22. To Georqe Jaitkson, of Belfast, Ireland, flax-dresser, " improve- 
ments in heckling machinery." — 24th May 1860. 

23. To FREDEtticK Rosenberg, Esquire, of Albermarle Street, in the 
coiintyof Middlesei, and CoNiao Montoomicbt, Esquire, of the Army and 
Nary Clnb, Saint James's Square, in the same county, " improvements 
in sewing, cutting, boring, and shaping wood." — 24th May ISjO. 

24. To Georqe Fohd IlAYWiRD, of St Martins Le Grand, in the 
county of Middlesex, '' improvements in obtaining povrer," being a oom- 
munication. — 27tli May 1850. 

25. To Joseph Bakrans, of St Pauls, Deptford, in the county of 
£ent, engineer, " improvements in oilcs and axle-boxes of locomotive 
engines, and other railway carriages." — 27th May 1850. 

26. Tu Samuel Fisher, of Birmingham, in the county of Warwick, 
engineer, '' improvements in railway carriage -nheels, axles, buffer, and 
draw-springs, and hinges for railway carriage and other doors." — 28th 
May 1850. 

27. To Thohab Chandler,' of Stockton, Wilts, " improvements in 
machinery for applying liquid manure." — 28th May 1850. 

28. To Thomas Dickson Rotch, Esquire, of Drumlamford House, in 
the cotiUtj of Ayr, North Britain, " improvements in separating various 
matters usually found combined in certain saccharine, saline, and ligneous 
substances." — 28th May 1850. 

29. To Henbt Columbus HonRV, of Manchester, in the oounty of 
Lancaster, civil engineer, " certain improvementa in the method of lubri- 
cating machinery,'"- 29th May 1850. 

30. To Simon Pinooffb, of Manchester, in the county of Lancaster, 
merchant, " certain improvements in the ageing process in printing and 
dyeing calicoes, and other woven fabrics, which improrementa are also 
applicable to other processes in printing and dyeing calicoes and other 
woven fabrics."--30th May 1850. 

31. To William MacAlpine, of Spring Vale, in the county of Middle- 
sex, general dresser, and Thomas MacAlpinb, of the same place, 
manager, " improvements in machinery for washing cotton, linen, and 
other fabrio(i."~31st May 1850. 
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33. To Chibles Andrrw, of Corapstall Bridge, in the county of Ches- 
ter, manufacturer, and Kicbars iUarklanii. of the sDme place, manager, 
" certain improyeraente in the method of, and in the machinery or appa- 
ratus for, preparing warpa for weaving." — 3Ist May 1850. 

33, To Jaurs Palmer Bcdd, of the Ystalyfera iron worlis, Swansea, 
merchant, " improvements in the manufacture of cote,"- — 31 st May 18fi0. 

34. ToJoHN DALTON,ofHollingBworth, in the county ofChe8ter,ca 
printer, " certain impro semen ta in and applicable to machinery or appa- 
ratus for bleaching, dyeing, printing, and finishing textile and other 
fabrics, and in the engravingof copper roUora, and other metallic bodies." 
—5th June 1850. 

S5. To Frgdbr:ch Alhebt Gatty, of Accrington in the connty of 
LancaGter, Manchester, inanuiacturing chemist, " a certain process, of 
certain proceases fur obtaining carbonate of soda and carbonate of pot- 
ash." — 5th June 1830. 

36. To JcLEB Le Bastieb, of Paris, in the Republic of France, but now 
of South Street, Finsbury, in the county of Middlesex, gentleman, " cer- 
tain improveroenU in machinery or apparatus for printing." — 6tb June 
1850. 

37. To William Robertton, of Gateshead Mill, Neilston, in 
county of Renfrew, in that part of the United Kingdom of Great Britain 
and Ireland called Scotland, machine maker, " improvements in certain 
machinery used for spinning and doubling cotton and other fibrous enb^ 
stances." — 7th June 1860. 

38. To Francis Tukqub Ruffoed, of Prescott Hoose, in the county of 
Worcester, fire-brick manufacturer, Isaac Maeson, of Cradley, in tl 
same county, potter, and John Finch, of Pickard Street, City Road, 
the county of Middleeei, manufacturer, " improvements in the manofa 
ture of baths and wash tubs, or wash vessels." — 10th June 1850. 

39. To Baron Lodis Le Peesti, of Paris, in the Republic of France 
" improvements in hydraulic presses, which are, in whole or in part, ap- 
plicable to pumps and other like machines."— 10th June 1S50. 

40. To Artuur Elliot, machine maker, of Manchester, in 
coun^ of Lancaster, and Henry Heis, of the same place, book-keeper, 
" certain machinery for mannfacturing woven fiibrics." — 14lh June 1850. 

41. To Chableb Cowper, of Southampton Buildings, Chancery Lane, 
in the county of Middlesei, patent agent, " improvements in instramenta 
for measuring, indicating, and regulating the pressure of air, steam, and 
other fluids, and in instruments for measuring, indicating, and regulating 
the temperature of the same, and in instruments for obtaining motive 
power from the same." — 14th Juno 1850. 
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The Natural Jitlatiotts between Animals and tlie Elements in 
nhicA they Live. By Proi'essor Louia AoAsaiz.* 

Amohg the early attempts to an'ange animals in a syste- 
matic order, wc find almost universally, that the natural 
elements in wiiich their different tribes live, are iutrodnced 
as the fundamental principle of their classification. During 
the sixteenth and sevenfeenth centuries, the great works 
published upon natural history hy Gesner, Kondelet, Belon, 
Aldrorandi, and others, acknowledge this as the only basis 
of their arrangement of the a.nimal kingdom. Even at a 
later period, when characters derived fi-om animals them- 
aelvea, rather than from the external circumstances in which 
they dwell, had been introduced into our systems, we still 
find a prevailing influence of such considerations upon the 
circumstances of the natural sub-divisions of animals. As 
soon, however, as the study of comparative anatomy had 
shed its brilliant light upon this question, those views were 
entirely abandoned, and the whole animal kingdom was 
finally arranged according to its interna! structure. The in- 
troduction of this principle was hailed as a new era in the 
history of our science ; and after Cuvier had applied it to a 
general revision of the whole animal kingdom, it was, and 
hu been, universally acknowledged as the only safe founda- 
tion of a natural classification of animals. 
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The recent progreas in zoology, anil of the various branches 
of natural history connected with it, has, however, opened 
the prospect of farther improvements, even upon the basis 
on which our classification at present rests. For embryology 
is already displaying its vast influence upon zoological que»< 
tions, and the time is not far distant, when its share in thfl 
natural arrangement of animals will be as large aa that o 
comparative anatomy itself, and when information derive^ 
from all possible quarters shall have equally its due influence 
upon our natural methods. A desire to investigate th* 
various questions bearing upon classification has led me t* 
revise the subject of the natural relations which exist be- 
tween animals, and the elements in which they live. The 
connection between animals and the surrounding media 'm 
which they live has of late been so entirely disregai-ded, that 
it is time to reconsider this question with all the atteotioaj 
its importance demands, since we find in it a decided rela- 
tion to the structure and functions of all animals. For 
though it is plain that the mere living in water or upon dry 
land is in itself of slight importance, as there are so many 
animals which dwell in the two elements, although having 
the same identical structure, it should not be overlooked that 
the greater number of aquatic animals have structural peea< 
liaritics common to all, and that the same is the case mii 
the terrestial or atrial animals. For instance, all thoM 
which live upon dry land, breathe directly the atmospberie 
air, and have a respiratory apparatus adopted for direct in- 
troduction of this element into their systems, while aquatie 
animals breathe through apparatus of a different structure, 
adapted to a permanent contact with aerated water. Thia 
circumstance alone would suffice to show that the natural! 
relations of animals with the elements in which they natur« 
ally dwell, is in direct connection with at least some of theic 
structural peculiarities. But there are other circumstance* 
which may lead to the conviction that this connection hiui 
not merely reference to the structure of their respiratory" 
apparatus, but influences their whole organization. The 
greater pressure under which aquatic animals are main-< 
tained throughout their life, modifies, in many other respectlh 



their organization. In many of them the surrounding ele- 
ment has largely a direct aecess into the cavities of the body, 
OT even into their tissues ; so tliat a direct and universal in- 
fluence of the surrounding media must be acknowledged 
throughout the animal kingdom as soon as we take into con- 
sideration all their peculiarities. This influence will be ap- 
preciated more correctly, if we consider it separately in eauh 
great group of the animal kingdom as established upon ana- 
tomical evidence, 

After removing the whales from the fishes, it will be 
plain that the Cetacea must he considered simply as an 
aquatic type of the class of Mammalia, and that the connec- 
tion which exists between them and the element in which they 
live, will not affect at all the views which we shall entertain 
about that class, and only allow us to consider within more 
natural limits, the true relation which exists between fishes 
and the natural element in which they are found. The cir- 
cumstance that so many birds are aquatic in their habits, 
■will no longer prevent us from considering the class of birds 
as a most natural group in the animal kingdom, the limits of 
which are well defined by anatomical evidence ; and the re- 
lations of aquatic birds to the waters upon which they alight 
or in which they dive, will only be considered within the 
limits of a well circumscribed natural group. The same 
may he said of reptiles, and the circumstance that so many 
of their types are almost entirely aquatic, while others are 
terrestrial, will by no means prevent us from viewing them 
8B a natural class, in which the connection with either main- 
land or the water shall appear as a suboi-dinate feature. 

Again, the class of insects, which is so thoroughly aerial 
throughout almost all its types, at least in their perfect state 
of development, circumscribed as it is within natural limits 
upon anatomical evidence, will appear to us as a type which 
shall hear no relation in our mind to the class of birds, al- 
though their movement through the atmosphere be ap- 
parently so similar. 

But, although we remove in this manner almost com- 
pletely the circumstance of animals dwelling either in water 
or upon mainland as influencing in any way our general 
classification of the animal kingdom, it were a ajeat mistake 



to lose sight entirely of Ihis moBt intimate felation &mong 
the natural secoodai'y groups of auimala under their different 
types. 

The value of these considerations has become more apr 
parent since the outlines of the leading divisions in the 
animal kingdom Imie been made in detail, bj iillowing ths 
results of embryology to have their due share of inSuence 
upon our classillcation ; and the object of these remarks is 
chiefly to show that there is a universal relation thronghoui 
the animal kingdom between their structure and gradation 
and the elements in which they live; that in all the four 
great types of the animal kingdom, the aquatic groups stand, 
in natural classification, lower than the terrestrial, and that 
this otmnection is so intimate as to extend even to the sub- 
divisions, and so much so, that I have arrived at the convic- 
tion that in an otherwise well-defined natural division, the 
aquatic trlbos should be placed below the terrestrial ones ; 
that, even in narrowly eircumsciibed families the aquatic 
genera rank below- the terrestrial, and that even in natural 
genera the aquatic species are inferior to the terrestrial 
ones. But, before considering those minor divisions, let u» 
take a general glance at the four great types of the animal 
kingdom, beginning with the Radiata. 

1. General fietv of the Sadiatn. — If we consider the tj 
of Radiata as it is still circumscribed in some of our mosf 
recent works upon the animal kingdom in general, we may 
fail to discover this intimate connection between their na- 
tural types and the media in which they live. But, if we 
reduce the type of Radiata to those classes which I con- 
sider as alone truly representing that type, we shall be 
at once sti*uck with the remarkable result, that all these 
animals are aquatic, fiay, that, with one single exception, 
they are all marine. But, before this can be acknowledged, 
it must be shown that the type of Ridiata should be re- 
duced to the three classes of Polypi, Jelly-fishes, (Medusa) 
and Ecliinoderms ; and that, among Polypi, there are large 
numbers of animals now united which do not all belong to 
that class. The most extensive range acknowledged by 
some zoologists in the type of Radiata includes Infusoria 
with the RotJfera, and also intestinal worms. Without 
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eatermg, for the present, into a full discussion of the natural 
(iharacter of all the animals which have been included in the 
class of Infusoria, I may limit my remarks to a few critical 
points, in order to show that the Polygaatrica, and even the 
Rotifera, cannot be ranked among the Radiata. 

In the first place, Rotifsra constitutes a particular group 
among Infusoria, as Ehrenberg himself has acknowledged. 
They difi'er so completely from the Polygastrica, as to forbid 
entirely their union in a natural classification. The only 
question is, whether they can remain among Radiata, and, if 
not, where they should be placed. There is so little analogy 
between the structure of Rotifera and the structure of true Ra.- 
diata, that ever since the beautiful illustration of their forms 
and structure, as given by Ehrenberg, moat naturalists and 
anatomists liave felt inclined to remove tliem to another 
type of the animal kingdom. Their resemblance to Articu- 
lata has appeared to some so striking as to warrant, in their 
opinion, their removal to the class of Crustacea, among 
Entomostraca, while others have considered them as more 
closely allied to worms ; hut I may say that all, or almost 
all, naturalists at present understand the necessity of remov- 
ing them from among Radiata into the great type of Articu- 
lata. This point is no longer in question ; the only remaining 
doubt respecting them is, whether they should rank among 
the lower Crustacea, or among the worms in the wider sense. 
As for the Polygastrica, we meet with greater difficulties in 
attempting to classify them ; for this group, as understood 
by Ehrenberg, consists stil! of most heterogeneous beings, 
which do not even all belong to the animal kingdom. Recent 
investigations upon the so-called Anentera, including the 
families of Baecillaria and Volvocine Infusoria, liave satis- 
factorily shewn, in my opinion, and in that of most com- 
petent observers, that this type of Elirenberg's Polygastrica 
without gastric cavities, and without an elementary tube, are 
really plants belonging to the order of A^gie, in the widest 
extension of this group ; whilst most of the Monas tribe are 
merely movable germs of various kinds of other Algae, As 
for the other Polygastrica, which Ehrenberg combines in this 
^vision of Enterodela, I am satisfied that they also consti- 
tute still a heterogeneous group belonging to differeat i^^%% 
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of the animal kingdom; and that most of them, for fronii 
being perfect animals, are only germs in an early state of 
deTeloitment. The family of Vorticellfe exhibitB ao cloae a 
relation with the Bryozoa, and especially mth the genua 
Pedicellina, that, I have no doubt, that wherever Bryozoft 
should be plaoed, Vorticella should follow, and be ranlced in 
the Bame division with them. 

The last group of Infusoria, Bursaria, Paramecium, aiDtJ 
the like, are, as 1 have satisfied myself by direct investiga- 
tion, germs of fresh-water worms, some of which I have seen 
hatched fi-om eggs of Planaria laid under my eyes. This being 
the case, we see that, without exception, the whole class of 
so-called Infusoria must be dissolved into its various eler 
inents and divided partly among the Articulata, and partly 
among Mollusca in the widest extension of those groups (if 
it can be shewn that Bryozoa belongs also to tlie type o£ 
Mollusca), that large numbers of them belong to the vege- 
table kingdom, and others are simply germs of other types, 
and that no single one of them belongs to the type of Radiata. 

If we next consider the Polypi, we find them constituting 
another main group and most natural class, to which, indeed, 
some heterogeneous types have been annexed ; upon the 
removal of these, however, that class constitutes a very 
natural division of the type of Radiata, among which tbey 
form the lowest class. The natural groups which require to 
be removed from Polypi are, — first, the so-called Hydroid 
Polypi, which, though truly radiated animals, do not belong 
to this class, but are, as I have shewn from tlieir structure, 
and as might long ago have been inferred from their develop- 
ment, true members of the class Meduste, among which they 
constitute a type of stalk animals, as Crinoids among star- 
fishes,* 

The Bryozoa also are not constructed upon the plan of Ra- 
diata, as has long been shewn by Milne Edwards, and others. 
Their true position is among Mollusca, and embryonic invea- 

* Sbb my [inper upon the HoniDlogieB of Kadintad Animals with referenM to 
the cluaaifioatiun of the BO-called Hydroid Pulypi. raad befora tha Amaricatt- 
AMOciation for tha AdvoDcBmool of Si:Leoca, held In Cumbridge, AuguM 1849; 
also my lecturei upon Comparntiva Embrjoiogy, deliTered before the Lowetf 
Institate, Deaemhar 1818 and Jantuirj 1H49. ' 
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tigatlons upou Asci<lia have satisfied me that Bryozoa, cotu- 
putind, and simple Ascidia, form a natural series of well-con- 
nected types leading to the true Act-pbala among ordinary 
Molluaca, among which Bryozoa will form a natural group 
of compound animals, bearing the same relation to the ordi- 
ndry bivalve shells that common corals bear to the simple 
Actinia and Fungiie. Though the doubts entertained about 
tile Foraminifera among Bryozoa, would not affect at all the 
points under discussion, I may as well state at once, that I 
have arrived at the conclusion that Foraminifera constitute 
the lowest type of Gasteropoda, and exemplify, under per- 
manent forms, the state of division of their germs in their 
embryonic development. Thus circumscribed, the class of 
Polypi constitutes a very natural group, containing only 
aoimak of an identical radiated structure, the organization 
of which is at present very satisfactorily known. 

The class of Medusie has been from the beginning so well 
characterised, and circumscribed witliin so natural limits, 
that it has undergone since its establishment only slight mo- 
ditieations hy the removal of some few genera ; and after the 
position of the so-called Ilydroid Polypi among them shall 
have been generally acknowledged, I believe it vrill undergo 
scarcely any new changes in its extension, though we may 
Btill expect extensive improvements, which are indeed very 
much needed, in the characteristics and internal arrange- 
ment of their natural families. Considering their structure, 
the Meduste rank immediately above Polypi. 

The intestinal worms have long been placed among Ka- 
diata. and considered as a natural class in this great type of 
the animal kingdom, notwithstanding so many striking dif- 
ferences in the plan of their structure. This position was 
assigned to them upon the ground of the radiated arrange* 
ment of parts around the bead, and the vascular form of some 
of their genera, and also upon the supposed want of a ner- 
vous Bystem in all of them. But since the discovery of nerves 
in all of their types, and since the most intimate relations 
have been discovered between them and so many other ex- 
'temul worms, their complete separation from Annelides as a 
distinct ckas is hardly recogniiL J now by any niotlern inves- 
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tigator. And tiie necessity of combining the intestinal para- 
sitic worms into one great natural group with the other 
external free worms is becoming daily more evident to all, 
so that whatever position be assigned to Annelides in the 
great type of Articulata, Helminths have to follow them, and 
must therefore be removed from the type of Kadiata. Tlie 
point is undisputed now, though there may be a difference of 
opinion as to the propriety of admitting, to one great class. 
all worms, or of subdividing them into minor natural groups. 

The third class among Radiata is that of Echinoderms, 
which has been circumscribed within most natural limits 
since the reunion of HolotburiEB and Crinoids, with the com- 
mon stai'-fishes and true Echini. Whoever is familiar with 
the embryonic development of Echinoderms, which has been 
extensively investigated of late, will acknowledge an intimate 
relation between tbem and the other two classes of Radiata, 
and not be willing to assent to the proposed separation of 
Echinoderms as one great type in the animal kingdom, placed 
upon an equal footing with Mollusca, and will consider their 
separation from Polypi and Medusae, as proposed by Dr 
Leuckardt, rather as a retrograde step, than an improve- 
ment upon the general classification of animals. To me the 
t3rpe of Radiata, embracing the three classes of Echinoderms, 
Medus£B, and Polypi, constitutes, in its circumscription, illi^- 
trated above, a most natui-al group of the animal kingdom, 
all the members of which ai-e intimately connected by a close 
uniformity in the plan of their structure, but present a re- 
markable gradation of their types in the manner in which 
this structure is developed in each of their classes. And 
the circumstance that even in the higher ones, which con- 
tain chiefly free movable animals, we have some few repre- 
sentatives attached permanently to the soil, upon a Polypi- 
like stalk, bearing the radiated animal crown, shews further 
the intimate connection which exists between them all. Radi- 
ata consist, therefore, of three classes only, which in their 
natural gradation rank as follows : — Polypi, lowest ; next 
Medusae ; and highest, Echinoderms. 

As soon as we have removed in this way all the classes or 
families which do not strictly belong to the type of Radiata, 
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we cannot fail to perceive at once that all the remaiaiiig 
aaimals which must he considered as truly radiate are not 
only all aquatic, but, with a single exception of the genus 
Hydra, all strictly marine ; from which we are allowed to 
infer that, in the plan of the creation, the radiated structure 
is incompatible with a terrestrial mode of Hfe, We see that 
the lowest degi'ee of development of the whole animal king- 
dom is entirely marine ; and that it has been so throughout 
all ages in the history of our globe, is shewn by the large 
numbers of Radiata fonnd from the earliest period through 
all geological epochs up to the most recent, and the entire 
absence of radiated animals in any of tire fresh-water de- 
posits. The circumstance that no single genus among 
Itadiata contains treah-water animals, forthei* shews that 
thia type in its main features is not better adapted for a 
fiuviatile existence ; or, we may say in other words, that the 
plan involved in the structure of radiated animals is chiefly 
adapted to the sea. We might, perhaps, even say, if, in thia 
stage of the investigation, it would not seem premature to go 
BO far, that the lower types of animals are not only entrreiy 
aquatic, but exclusively marine. The fact of so large a 
number of aquatic animals as Radiata being so exclusively 
marine, undoubtedly shews that the connection of organic 
structure with the ocean, involves peculiar circumstances, 
which fresh waters by no means alFord to a similar extent. 
Whether this is especially connect-ed with the greater den- 
sity of the medium or not, I am not fully prepai'cd to say, 
iJiough I am inclined to believe that it is so, from the 
circumstance that Itadiata are so constantly killed by the 
contact of fresh water, as I,^ve ascertained by direct ex- 
periment upon Polypi, Medusffl, and Echinoderms, some of 
which are struck with almost instantaneous death, when 
brought into fresh water, and decompose with astonishing 
rapidity. I have seen on dropping an Ophiura into fresh 
water, all the articulations dismembered and entirely separ- 
ated within a few minutes. 

No one of the thi'ee other great types of the animal king- 
dom is either so exclusively marine, or even so exclusively 
aquatic as that of Radiata. For among Mollusca we have 
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quite a number of terrestrial genera, and even a large num- 
ber of fresh-water genera and families. 

Among Articiilata we notice also large numbers of fresh- 
water species, anJ a still larger number of terrestrial forms. 
Finally, among Vertebrata we find the most promiscuous 
occurrence of marine, fresh-water, and tei-restrial forms. It 
is now important to ascertain whether we may trace, beyond 
Radiata, a direct relation between structure and the element 
in which animals live, and whethei" the gradation of this 
structm-e has any reference to the surrounding media as it 
unquestionably has among Radiata. 

2. General View of Mollusca. — Let us first consider Mollusca, 
and perhaps revise their classos in a zoological point of view, 
before undertaking the investigation of their relations to the 
media in which tbey dwell, allowing in this revision a due in- 
iluence to embryology, as far as it can influence thia queatioa 
at present. 

The number of classes which should be admitted among 
MolluBca, is the first point of importance we have to con- 
eider. Since the Barnacles or Cirripedia, which Cuvier 
still considered as a class among MoUusca, are now known 
to belong to the type of Articulata, and to be most conve- 
niently combined with Crustacea, we have five classes of 
MoUusca left, if we follow Cuvier's arrangement of these 
animals, as he distinguishes Cephalopoda, Fteropoda (Clio), 
Gasteropoda (Univalve), Acephala (Bivalve), and Brachio- 
poda (Terebratula), as so many distinct classes of the type 
of MoUusca, in the order of gradation just mentioned. It 
will hardly be necessary at present to insist upon the close 
relation which exists between Brachiopoda and the other bi- 
valve shells. Indeed, anatomical investigations of these 
animals have shewn that they are not only constructed upon 
the same plan, but that the ditference between Brachiopoda 
and ordinary Acephala, is scarcely as great as the differ- 
ences which exist between Ascidia and Lamellibranchlate 
Acepbala, (as Ostrea) which Cuvier, nevertheless, placed in 
one and the same class. We shall therefore consider Tuni- 
cata, Brachiopoda, and Diphyra, as one great natural class, 
under the name of Acephala, to which we also refer, as men- 
tioneii above, the type of Bryozoa which bas been so long 
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combined with Polypi. Aa to PteTMjpoda and Gasteropoda, 
though they are still generally considered as two classes, we 
shall, for reasons explained elsewhere,* and from embryolo- 
gical evidence, place Ptt-ropoda below Gasteropoda proper ; 
not aa an intermediate type between Gasteropoda and Cepha- 
lopoda ; for Pteropoda, or rather an embryonic type exem- 
plifying, in a permanent form, that stage of development of 
common Gasteropoda when they are provided with large 
vibracula, and a thin symmetrical shell deciduous in bo many 
of them ; bearing to that state of development of the common 
Gasteropoda the same relation which Foraminifera bear to a 
still earlier period of their embryonic growth, when the yolk 
is undergoing its process of gradual successive division, which 
seems to me to he exemplified in a permanent form in the 
numerous cells into which the body of Polythalmia or Fora- 
minifera is not usually divided. If this view be correct, the 
class of Gasteropoda would therefore consist of the three 
types of Foraminifera, Pteropoda, and true Gasteropoda, 
among which we would place the Heteropoda lowest, and the 
Fulmonata highest, both on account of their structure, and 
on the ground of the peculiar mode of development of Pul- 
monata. 

The third class is that of Cephalopoda, which has always 
been circumscribed within natural limits, since Foraminifera 
have been removed from it. The position which I asciibe 
here to Foraminifera will appear very natural to those who 
are equally conversant with the succession of fossil types in 
geological periods, and with embryology, and who know, as 
we have seen it to be the case also among Radiata, that the 
higher classes reproduce in their lower forms, types analo- 
gous to the lower ones. For the great number of fossil- 
chambered shells, existing in earlier geological periods, is 
very striking when we compare those old representatives of 
the class Cephalopoda with their condition in the present 
period of the creation, and the natural gradation and analogy 
between Eryozoa, as the lowest type of Acephala, with the 
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Foraniinifera, aa the lowest type of Gasteropoda, and the 
chambered shells of old ages as lower types of Cephalopoda, 
will remind us of similar rfilations between Polypi, as the 
lowest type of the animal kingdom, the so-called Hydroid 
Polypi, as the lowest type of Acalephie, and Crinoids as the 
lowest type of Echinoderms, which are strictly parallel cases 
in two of tlie great types of the animal kingdom. 

If we now start from these modifications in the classifica- 
tion of Molluaca, which rest entirely upon anatomical and 
embryological considerations, to appreciate the relations 
between the three classes of this type and the media 
in which they naturally live, we cannot fail to be strndt 
with the circumstance, that all Acephala, with one single 
esception. are aquatic, as are also Cephalopoda; and thait 
we have only teruestrial representatives 'among Gaster- 
opoda. Next, it must be obvious, that among Acephala we 
have fewer freali-watei' representatives, than among Gaster- 
opoda, as the fresh-water types of Acephala belong truly to 
two groups, one of which has very few fresh-water families, 
whilst among Gasteropoda we have quite a variety of fluvi- 
artile and terrestrial types. 

The first thing which must strike us in this type, when 
contrasting it with the Radiata, is the circumstance of a far 
larger pi*oportion of fresh-water forma, and of the introduc- 
tion of a number of terrestrial ones. This simple fact, in 
itself, would go to sustain the hint thrown ont above, that a 
higher organization in the animal kingdom is better adapted 
to the fluviatileand terrestrial life than a lower structure ; 
as among Radiata we have not one single terrestrial type, and 
only a single fluviatile one ; whilst the Molluaca, tlie struc- 
ture of which is formed upon a plan decidedly higher than 
that of Radiata, present already a lai'ge increase of fluviatilB 
types, with the addition of very many ten-estrial ones. But 
this view will at once be sustained to a most unexpected ex- 
tent, if we consider which of the MoUusca are aquatic, and 
marine, which are ftuviatile, and which are terrestrial. Be- 
ginning with the Acephala, we have, then, in the first place, 
all the Polypi-like Bryozoa, and Tunicata, and the compound 
Tunicata entirely marine, with the exception of a few genera 
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of- fresh- water Bi-yozoa. And it is very interesting to notice 
timt fresb-water animals among Mollusca are of the lowest 
type of their clasH, as also was the first and only fresh -water 
Radiata, — shewing thus that the types to which they belong 
are not adapted to rise into any of their higher develop- 
ments into the forma best fitted for other elements. 

Nest we notice the Brachiopoda, which are all, without 
exception, marine. Next Lameilibranchiata, mostly marine, 
though some of their types are tiuviatile. So the entire clasa 
of Acephala is aquatic, and chiefly marine, and its ftuviatile 
types belong to its lowest group, and to its highest. This cir- 
cumstance has raised the question with me, what is the pro- 
per position to assign to the Naiades among the Lamelli- 
branchiata, and upon due consideration of their peculiar 
characters, and especially of the circumstance that their 
mantle is entirely open, that they have no prolonged sy- 
phons, wliilst there are such even among Aacidia, I am 
inclined to suppose tliat they rank highest among Lamelli- 
branchiata, and that Monomyartans should rank between 
Brachiopoda and Dimyarians. The reason for assigning to 
Naiades this higher rank rests upon the homology traced 
between the foot of Gasteropoda and that of Acephala, and 
between the reduction of the mantle upon the sides of the 
foot which it no longer encloses in Gasteropoda, and also the 
higher position of the gills under the margins of the mantle, 
all peculiarities in which Naiades bear closer resemblance to 
common Gasteropoda than any other of the Acephala. Thus 
this class of Acephala, though chiefly marine, with a few 
representatives of its lowest types in fresh water, would 
reach its highest degree of development in one family, which 
is entirely fluviatile. 

Among Gasteropoda we have again Foraminifera as 
the lowest type, entirely and without exception marine ; 
Pteropoda, which rank next, entirely and without exception 
marine ; Heteropoda, which follow, equally marine ; and 
among true Gasteropoda, which in their class are decidedly 
the highest, we find first fluviatile and then terrestrial fami- 
lies ; and now the question is, among these, what is the re- 
spective position of the marine families, of the fluviatile 
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families, &nd of the terrestrial families. There are araoDg 1 
tfaem such structural peculiarities 3S will decidedly settle the 
question. If we set aside for a moment the few branchi&te ( 
fresh-water Gasteropoda, we have a large number left, which 
are pulmonate, and which live in fresh water and upon land, , 
and which, as a whole, we may contrast with the branchiate 
trne Gasteropoda, which are almost all marine, with the few 
exceptions of Valvat-a and Faludina and Ampullaria. Now 
which of these two types rank highest will not be a matter of 
doubt, as soon as it is remembered that Fhlebenterata are 
among branchiate Gasteropoda, and by their general stmc- I 
ture rank below the others. So that we shall have the marine 
branchiate Gasteropoda follow immediately the Heteropodtt 
to which they are more or less closely allied through the 
Phlehenterata, and, above all, the Pulmonata. But here 
ames a new qaestion. This family of Gasteropoda is partly 
fluviatile and partly terrestrial ; and we may further ask, 
which should rank higher ? No one familiar with the forms 
of these animals will hesitate in answering this question. 
We need only compare the development of their tentacles, 
their forms and position, the development of their organs <rf 
lense, to be satisfied that Helices and Limas rank above 
Flanorbis and Limniea. So that the natural gradation esta- 
blished by their structure among the upper groups in the 
class of Gasteropoda, agrees with their natural connection 
with the elements in which they live in the order which I 
have assigned to these, the tvpes of Gasteropoda, which are 
lowest, being exclusively marine, — the highest, equally fluvia- ' 
tile and terrestrial ; and among these the duviatile, ranking 
immediately above the marine, and the terrestrial ranking 
highest, and the proportion of the fluviatile in the whole class 
being still larger than in the class of Acephala, inasmuch as 
the structure of Gasteropoda is also in a higher degree of ' 
development of Mollusca than that of Acephala, and the first ' 
terrestrial type in the animal kingdom in the gradation of 
its structure, making its appearance in the class of Gas- 
teropoda. 

The Cephalopoda are highest among Mollusca as a class. 
Luk BO high, as to rival in the complication and de- 



velopment of their structure, even some of the Vertubrata, 
and, strange to say, we have among them only marine types, 
not a single fluviatile repreaentative, nor a single terres- 
trial one. This fact would at first seem to be in direct 
contradiction with the statements made before, if it were 
not for the circumstance, that this class in itself, as repre- 
sented in our days, does not aeem altogether reduced in 
comparison with the other two, if we could not he satisEed 
that its perfect period of development were the former geo- 
logical ages, when its numbers were far greater than at pre- 
sent, a circumstance which places the whole class in peculiar 
relations to its type, which must be rather appreciated under 
the point of view of the conditions which prevailed in former 
ages, when the ocean covered more extensively the whole 
surface of the globe than at present; so that the type with 
its high organization must he considered more with reference 
to its development in former ages, than to what it is now, as 
at present, the class is proportionally reduced, and it is well 
known, and it will be further mentioned with reference to 
other types, that in earlier periods, however high animals 
might have ranked by their structure, they were all marine, 
as we know fishes to have been the only representatives of 
Vertebrata in earlier periods. 

At this stage of the investigation, a comparison between 
MoUusea and Hadiata shews, that though the former advance 
farther in their fluviatile development, and even reach with 
some few of their types a terrestrial mode of existence, there 
is not yet a single family among them wliich is entirely ter- 
restrial, nor a single class which is either entirely fluviatile 
or terrestrial, this connection with the higher conditions of 
existence being only introduced among some few of their re- 
presentatives, which we are allowed from other data to con- 
sider as the highest in their respective groups. • 

3. General Vievfof Articulata. — If we now pass to the great 
group of Articulata, and begin as before, by revising their 
zoological arrangements, as based upon anatomical and em- 
bryonic data, we shall have, at the outset, to settle the limits 
of their classes, and their relative positions. 

The first point which we haye here to investigate is the 
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question, whether Articuhita iu tlie widest extension of tfai» j 
group constitute out singli? natural type, or whether they 
should he subdivided into two equivalent groups, as has been 
proposed by those who would restore the division of worms, , 
in its widest sense, as a gi-eat division equal in zoological 
importance to the type of Mollnsca, and unite tlie Arthro- 
poda, Crustacea, and insects, to form another group of equal | 
value. J 

The great diversity among worms, seems at first to war- j 
rant in some degree such an arrangement. But as soon as 
we consider the metamorphosis which insects undergo, and , 
compare tlieir earliest stages of growth with the structure 
and forms of worms, we cannot fail to perceive, that notwith- 
standing the many peculiarities which characterise worms, 
they are, after all, only one of tlie pei*manent modificatioDS 
of the same type as Crustacea and insects, among which last 
the characters and forms of a large number of worms are 
reproduced as transient states of growth ; so that upon the 
most natural view, and especially if we allow embryology to , 
have its due weight in fixing our opinion, we must consider ' 
worms with all their diversified forms, Crustacea in all their 
diversity, and Lepades, Arachnids, and Insects, to constitute i 
one single undivided natural type in the animal kingdom. 1 
Assuming upon the foundation alluded to, and without enter- ' 
ing into a detailed argument upon this question, that this is 
the right view of this subject, the nest question is about the 
number of classes into which these Articulata should be sub- 
divided. Taking here again anatomical and embryological j 
evidence as our guide, and remembering what was said above i 
of intestinal worms, we shall find that the most natural com- ( 
bination of the difi'erent groups of Articulata will bring tliem . 
all into three classes, one containing those in which the laody \ 
is either more or leas distinctly articulated, or in which in- i 
dicatious of transverse wrinkles in the skin are scarcely i 
marked, or wholly wanting, but in which, however de- i 
veloped these joints may be, they never combine in such a i 
manner as to divide the body into distinct ridges, in which < 
the form is always elongated and vermiform, never provided ( 
with articulated rings, however numerous and diversified the 



ocomotive appendages may be, and in which the foremost 
oints hardly ever assume a peculiar structure with the ap- 
tearance of a head. This class for which the name of 
worms is best retained, will contain the Helminths and An- 
lelidea, exclusive, however, of the vermiform parasitic 
iJrustacea, which embryology has tauglit us to refer unhesi- 
latingly to the class of Crustacea. The extraordinary di- 
Peraity which exists among these animals renders it rather 
iifficult to subdivide them into natural groups, and to assign 
I these a natural succession agreeing with the gradation 
of their structure, as there are so many the development of 
iprhich is as yet very imperfectly known, and others which 
mdergo so complicated metamorphoses as to leave great 
laubt respecting their natural relations to each other. How- 
wer, there can be no doubt that Helminths rank lower than 
A-Dnelides, for their structure indicates plainly their infe- 
iority, and their mode of existence within other animals 
ihewB that they do not even reach that degree of independ- 
mce which might allow them a free existence. 

Among Annelides again, there will arise similar diffi- 
iulties respecting the relative position of the branchiate 
f that group, which are provided with external ap- 
lendages performing simultaneously the functions of respir- 
atory and locomotive organs, and those families which are 
Seprived of external appendages, or which have stiff bristles 
ifon their joints, independent of their atirial respiratory 
organs. Indeed, at present the position of earth worms and 
eeches among Annelides, has not been the subject of any 
tirect investigation, as regards their relative position and 
ank. But if I were allowed to be guided by the impressions 
i have received from the study and comparison of the larvae 
of insects, I should be inclined to consider the Annelides with 
Bxternai gills, as inferior to those which have no such appen- 
dages, and place the lumbricinc Annelides highest in the 
So that Helminthus should be placed lowest in the 
class of worms ; next the branchiate Annelides with external 
branchiEe ; next those having internal branchiEC ; and highest 
tJiose with aerial respiratory sacks. 

The second class in the typo of Articulata is that of Cnis- 
VOL. XLIX, MO. XCVin. — OCTOBER 1850. 
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tacea, the natural circumscription of which can hardlj be in 
any degree a matter of doubt, for these auimaU, with their I 
distinct articulations, and aquatic mode of respiration, exterf I 
nal appendages and particular mode of combination of the J 
rings of their bodv, wherever they are combined to subdinds J 
the body into distinct regions, are so peculiar as to deten 
well tlie natural limits of this class, to which we refer also I 
the Cirripeda, notwithstanding their transformations, also . 
the Lermcan parasites, though they may assume in their parfr- 
sitic mode of existence so extravagant forms, and an appear* 
ance so entirely different from that of common Crustacea. 
In this class, again, the parasitic vermiform types rank lowest; 
next follow the Entomo3traca, and highest the Malacostraca, 
in most of which the anterior rings are combined into a dis- J 
tinct region, assuming a peculiar appearance, differing widelj I 
from the posterior free movable rings. The circumatanco ' 
that among Crustacea the organization reaches a point wfaerA 
the anterior part of the body assumes so peculiar an appe^ 
ance, leaves no doubt as to the relative position of Crusts 
among Articulata ; they rank liigher than worms ; though 
they must be placed below the insects, notwithstanding theirT 
perfect circulation, and their otherwise highly developed^ 
structure ; for, in every respect, insects considered as a whole 
class, are more highly organized, their higher types assuming 
a division of the body into three distinct regioni, — ^undergo- 
ing also far more extensive metamorphosis, and assuming, 
finally, an aerial mode of respiration, to which the Crustacea 
do not reach. For these reasons, which I have illustrated J 
more fully on another occasion, I have no hesitation in placing^l 
the class of Insects highest among Articulata, and in compriB<J~ 
ing in one class the true insects with Arachnida and Myrio-1 
poda, which are only lower degrees of development of the I 
more special types of true insects ; the Myriopoda represent" I 
ing, in a permanent state of development, and with the I 
structure of true insects, the form of their caterpillars ; th^ f 
spiders, with their cephalic and thoracic regions united into a 
cephalo-thorax, representing their chrysalis in a permanent I 
state of development ; and the true insects, with their three I 
distinct regions, the so-called head, thorax, and abdomen,! 



ranking highest among them, as well for their more ex- 
teasive metamorphoaia as for the characteristic division of 
the body, the reduction of their locomotive appendages to a 
peculiar region, the complication of their chewing apparatus, 
and the development of their wings. The true arrangement 
of the diiferent members of this class, however, is readily in- 
dicated by the remarks already made upon this class, and we 
shall not hesitate to consider Myriopoda as their lowest type, 
and to place Arachnida nest above them, and then true in- 
sects, among which the sucking tribes rank highest. 

If we now consider the connection of these three classes 
with the elements in which they are developed, and in which 
they permanently live, we cannot fail to be struck with the 
fact that two of their classes are either parasites or entirely 
aquatic, for even the terrestj'ial worms live in moist ground, 
or on the bark where moisture is constantly accumulating; 
and these two classes we have seen to be the lowest of the 
type, while the class of insects which, in their perfect deve- 
2opmsnt, are all terrestrial or aerial, constitute the highest 
li^e. 

Reviendng the secondary gronps of all these classes also 
in the same connection, we find that the lowest of all not 
only live in a fluid medium, but require the existence of other 
animals in whose cavities they find shelter and means of 
Bubsiatence { and, among those which have an independent 
mode of life, we find that the marine worms are probably 
lower than the fiuviatile and t«rrestrial, — at least, if the view 
expressed above respecting the relative position of Lumbrici 
and branchiate Annelides be correct. 

In the class of Crustacea we have exclusively aquatic ani- 
mals, and we find that, among them, those which live as para- 
sites upon other animals rank lowest. The distinction, 
however, between fiuviatile and marine types in this class 
does not seem to be in strict accordance with their gradation, 
for we have fiuviatile Decapods which cannot be considered 
as higher than the crabs, unless it were shewn that the 
^ortened body of the Brachyural Decapods is the result of 
a retrograde metamorphosis, which I am not, however, 
.inclined to suppose, as we have some crabs which are in the 
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habit of leaving the water to dtvell upim the roainlaniirfl 
The occurrence of parasitic Crustacea upon fresh-water 1 
fishcn again aeems to indicate that here the parasitism f 
prevails over the infiuenee of the surrounding media ; I 
and we should not wonder at this circumstance, as a parasi-l 
tic mode of development dependent upon the prior existencB I 
of organized beings, is not oulv a prominent feature in thai 
mode of existence of so many worms and Crustacea, but alsoa 
even of many of the insects, especially of the tribe of AraclKfl 
nida and Diptera, at least in some earlier periods of their J 
existence. In this connection it is an interesting fact to 
notice that the American fresh-water Crustacea, the craw- 
fishes, have fewer pairs of gills than the other representtk' 
tives of the class. 

Again, it may be, that to appreciate truly natural rela 
of this type of animals, it will be necessary to eonsider* 
separately each of their minor divisions rather than the 
whole class as a unit ; as we shall have to do so also among 
ttie reptiles where the peculiarities of the primary diyisions 
overrule the influence of the media in which they are 
developed. 

However obscure these relations may be among Cmstaceft 
owing to the parasitism of some of their types, or the pecB 
liar metamorphosis of others, if we now consider the insects | 
proper we shall find here again a strict accordance witJb t 
results we have already derived from the investigation of the 
lower classes. Having acknowledged the superiority of th* I 
sucking insects over the chewing tribes, we cannot fail to ' 
perceive that the Neuroptera, which must he considered a 
the lowest, inasmuch as their body still preserves the eloii~ I 
gated form of worms, are aquatic in their larval couditii 
and have even external gitls. as their respiratory OTganlll 
during that period. Next, Cnleoptera, among which also n 
find aquatic larvw, and a number of terrestrial types ; 
highest the Orthoptera which undergo a less extenave;, fa 
entirely terrestrial development, whilst Hvmenopt*r» haw 
a more diversified metamorphosis, and assume even i 
larval condition in some of their types, the higher for 
which characterise the larvee of Lepidopt«ra. 
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Among the sucking insects we begin again with various 
aquatic types, or aquatic larval forms — next rise to Diptera, 
with other aquatic larval conditions but a constant atrial 
mode of life in the perfect state, and finally to the type Le- 
pidoptera in which all larvte are terrestrial, and even highly 
organized in their earliest state in the higher groups, so that 
the class as a whole does not only rank above Crustacea for 
its structure, but consists chiefly of aerial types in their per- 
fect state of development, a large number of which are 
aquatic, but fluviatile In their larval conditiou, and uorapara- 
tively exceedingly few marine. So that if we compare tlie 
whole type of Articulata, with either Mollusca or Radiata, 
we see that, in accordance with the higher development of 
its structure, it has not only proportionally a larger number 
of terrestrial and aerial types, but an entire class is through- 
out aerial in its perfect state of development ; and, though 
aquatic in the stages of growth, these larva; are chiefly 
fluviatile and not marine, so that we may conclude from 
zoological evidence that the more intimate connection with 
the mainland and atrial mode of existence indicates a higher 
degree of development than an aquatic mode of life ; and 
between the animals living in water, that fluviatile types 
must rank higher than the marine. 

These views are fully sustained by the order of succession 
of these great types of the animal kingdom throughout the 
earlier geological periods ; for as it is already ascertained 
from zoological comparisons, that the earlier types in each 
class rank lower than their pfeaent living representatives, 
we Lave further evidence from the circumstances under which 
they live that they were all aquatic and marine in the earliest 
periods, and that fluviatile and terrestrial types have fol- 
lowed only at later periods. Without alluding to those 
classes in which the gradation of fossil types is less distinctly 
Bhewn, let me only recall the Crinoids among Echinoderms, 
which for so long time prevailed to the almost entire exclu- 
sion of all other families among Acephala ; the great preva- 
lence of Brachigpoda in the oldest deposits and the first 
Appearance of Naiades in tertiary beds ; the large number of 
branchiate Gasteropoda up to the time of the tertiarj' period. 
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Tvben Lironfea and Helices made tbeir first appearance ; tbtfl 
earlier development of Crustacea with more uniform join tSi, I 

and the appearanoeof insects of the trihe of Scorpions anterioFi 
to that of the winged families, among which the Neuroptei»B 
seem to be the first to Increase the number, and the late oc^ I 
currence of the sucking tribes in tertiary beds, and there will I 
be no doubt left that the gradation of structure is intimately ■ 
connected with the extension of continental lands, ctnd that 
the present connection of animals with the surronnding 
media in which they live, agrees also with their natural . 
gradation. If we would study the natural relations betweea'l 
animals and the media in which they live, we could not be^a I 
with better prospect of success than by investigating minutely 1 
the different families ofVertebrata separately, rather thaol 
the whole class of this great tj^pe. For, though it is at onoflrB 
apparent that the class of fishes, as a whole, is entirelyl 
aquatic, and stands at the same time lowest am on gVertebrata, | 
as soon as we pass to the investigation of the reptiles, w«| 
find aquatic and even marine types among turtles, whiclq 
rank much higher than the whole order of Batrachians, wfaicra 
are almost entirely fluviatile ; and we find again marine anf 
fluviatile types among birds and Mammalia, the highest of 
all Vertebrata. These facts shew, most conclusively, that an 
organization as high as that of the Vertebrata, — introducing 
a mode of existence so independent of the changes of tlie sea- 
sons thrfnighout the year, so durable as to last for numbers of 
years (whilst among Invertebrata, and especially among in- 
sects, but also among many other animals of lowertype, there 
existsthe most intimate connection between their development 
and the course of the seasons) ; we say these facts shew that, . 
with sueli animals which are placed so far above the influ- i 
ence of physical conditions, their connection with the cir- | 
cumstances under which they live is much weaker, so much I 
BO, that internal structure overrules greatly the foundation 1 
of those connections which are so intimate in lower animals, j 
and reduces their limits to subordinate connections between' I 
members of the minor groups ; while, in the class of fishes I 
— the lowest-— the whole type is organized in such a manner j 
as to make it uniformly dependent upon one of the natural | 
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elements in wliich animals live, the three other classes pre- 
sent most diversified combinationB, there being marine, fluvi- 
atile, and terrestrial or aerial types in these classes, under 
the devflopment of as many structural types, differing almost 
in the same degree when contrasted with each other, and so 
much, that the aquatic Mammalia, even in their marine types, 
or the marine turtles, differ as much from each other or 
from bird, as they agree with their respective fresh-water 
or terrestrial types. These discrepancies between the great 
types may be owing to other motives in the plan of creation 
than those to which they are here ascribed. The apparent 
anomalies between some of the articulated types may also 
be the results of combinations different from those with which 
they are connected above. But whether these views are 
correct or tiot, I have no doubt that the study of the pheno- 
mena, which I am now contrasting, cannot fail to lead finally 
to a more correct appreciation of the natural relations which 
exist between animals and the media in which they live, than 
the vague views which have prevailed lately from want of in- 
Yestigation of the subject rather than from an especial view 
token of it ; I am far from supposing that, in every instance, 
I have hit at the outset the true view. I shall be satisfied to 
have called forth direct investigation upon this question, and 
led the way in a field which promises so ample reward. 

Magnitude of Animals. — Before entering into a special in- 
vestigation of the natural relations of Vertebrata and the 
surrounding media, it may not be out of place to call at- 
tention to some collateral facts which will appear par- 
ticularly prominent in the type of Vertebrata, but which 
have already their value in the study of tlie lower types. 
I allude to the relative bulk of animals of the same type 
living in different media. We can derive no impression 
upon this point from the investigation of Radiata, aa they 
are all aquatic, and almost entirely marine ; but the differ- 
■enoe is already marked between Mollusca, if we contrast 
their marine and their fluviatile and terrestrial types with- 
in the limits of their natural secondary groups. Among 
Acephala, if we consider the Lam ellib ranch lata, we cannot 
fail to observe that the marine representatives are, as a 
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whole, and taking into consideration the proportional num- 
ber of theif genera and species, of larger size and greater 
weight than the fluviatile. We liave nowhere such gigantic, 
bulky, and heavy fresh-water Bivalves, as are many of the 
marine shells ; and we need only compare the large Chamas 
or Tridacnas and Hippopus, the gigantic Pinna, even with 
tlie largest of Anadonts ; and again, the numerous species of 
Cyclas, &c., with the smaller marine Bivalves, among which 
we find but few species of so minute types. Again, among 
Gasteropoda, how much larger are moat of the UnivalTe 
marine shells, such as Dolium, Strombus, Voluta, and others, 
than even the largest fresh-water Ampullarite, and the whole 
lot of fresh-water and terrestrial Pulmonata, among which 
latter we have absolutely the smallest of alt Mollusca in the 
innumerable varieties of Pupa and other genera. We reckon, 
in thjs type of Gasteropoda, the minute species by hundreds, 
while there are exceedingly few of really small size amonj 
the marine ones ; and the greater number are even univeraally 
above the medium size of the larger fluviatile and terreatri] 
types.. 

Among ArtJculata the same rule obtains; and here 
may compare classes with classes, even in their different stages' 
of growth. Are not the Worms, taken as a whole, larger 
animals than the Caterpillars \ Do we not find among 
marine Worms by far the largest types 1 We need only 
remember the gigantic Eunice, or even the parasitic Tape- 
worms, to be satisfied of the fact. Are not the Crustacea, 
as a class, composed uf types exceeding far the largest iw 
sects, even with their wings spread ? Are not the marine 
Lobsters many times larger thaii the fresh-water Craw-fisheal 
A minute investigation of the details of this numerous <^ai 
might lead to very interesting comparisons, which, lioweveiM 
would be out of the way in this general sketch. 

I shall mention only a few facts to shew that these coi 
parisons might even be traced between the different si 
of growth of these animals. It must be, for instance, 
matter of surprise to see that the body of so many insects tl 
smaller in their perfect state of development than as a pupi 
and that again, this is smaller than that of the larva, thouj 
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the larra be after all only the younger state of the pupa, and 
the pupa the younger atate of the perfect Insect. But in tlie 
Banie ratio as we linri so frequently throughout the animal 
kingdom, that the lower condition of structure and develop- 
ment of a type is manifested In a more bulky body, so we 
find among Insects, that their eai'lier state of metamorphoaiB 
which is developed under inferior circumstances, reaches its 
final growth in a more bulky body than that of following 
periods dui'ing which their successive moultinga and the 
transformations of the substance of the body takes place ; 
the greatest size which the larva acquires is first reduced in 
its transition into a chrysalis, and this again is reduced in its 
transition into a perfect Insect, — the development of wings 
only leaving them seemingly of greater size when their sur- 
face is extended, though the bulk as a whole be reduced. 
Weighing these animals in these different states of develop- 
ment will satisfy the most incredulous of the reality of what 
is here stated, should the appearance have deceived him 
before. A silkworm when it begins to spin is much heavier 
than the chrysalis, and this heavier than the perfect moth. 
Without directly weighing these animals, we might be satis- 
fied about this fact if we should consider the amount of silk 
which is thrown out by the latter, and the amount of fluid 
which is discharged by the Moth, even before it rids itself of 
its load of eggs and sperm to enjoy the last moments of its 
complete maturity. 

If we now allude to the Vertebrata, we shall find very 
similar facts, and perhaps, in the animals to be mentioned, 
inducements for the discovery of curious unnoticed connec- 
tions. And here again we sliould be cautious, for reasons 
already alluded to above, not to take the classes as such, but 
rather to consider their different types separately; for the 
elais of fishes as a whole cannot be said to contain the largest 
Vertebrates, nor even to afford any support to the view that 
aquatic animals in general are larger than terrestrial ; for 
we find proportion ably a much greater number of large spe- 
cies among Mammalia than among fishes ; we find a greater 
number of large terrestrial reptiles than of aquatic ones. 
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But if we review the elaasea separately, and consider their 
secondary groups by themselves, we find that the rule holds 
good, but bears, at the same time, most interesting reference 
to the order of succession in geological times, as the respec- 
tive types of any given group are the larger in the present 
period, whether terrestrial or aqnatie ; for being representa- 
tives of families which had numerous representatives in older 
periods. Among fishes, we find the lai^eat in the family of 
Sharks and Skates, Sturgeons, and Garpikes, the first of whieh 
are exclusively marine, the second marine and fiuviatile, the 
third entirely fluviatile ; but the three types are either exclu- 
sively representatives of families largely developed in former 
geological periods, or so connected with extinct typea as to 
shew that this connection baa infliienced their development. 

Among Reptiles, we find the largest in the family of Turtles 
among their marine representatives; among the Lizard-like, 
in the fluviatile Crocodiles ; among Batrachians, in their 
aquatic families. 

In Birds, the aquatic families, Pelicans, Geese, Ducks, &c., 
bear a mut-h larger propori.ion of heavy bulky forma than any 
terrestrial families ; and if the Ostrich should at once occur 
as a striking exception, let us not forget that the giants of 
this family are known in a fossil state, exceeding far their 
living representatives. 

Among Mammalia, we have the Whales as the largest class, 
and if we should be reminded of the great size of terrestrial 
Pachyderms, let ua not forget that Pachyderms were the pro- 
minent type of Mammalia during the tertiary period. In 
connection with these facts, it might he shewn that natural 
families throughout the animal kingdom are constructed 
within limits of size, which do not admit of great differences, 
A comparison of Cetaceans withRodents, of Buminants with 
Bats, of Passerine with Gallinaceous birds, of Sharks with 
Herrings, of Cod-fishes with Blennoids, of Cuttle-fishes with 
Pteropods, of Crabs with Entomostraea, i:c., might easily 
satisfy the most sceptical, that there are natural limits as- 
signed to certain combinations of structure, and the material 
bulk of the animals in which they are manifested. 
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After this digi'eaaion, let us return to our conBideration of 
the natural connection of the secondary groups of Vertebrata, 
with the elements in which they live. 

4. General View of Verlebrata. — 1. Fifihea. — Though the 
class of fishes is entirely aquatic, we have among these 
animals a greater number of marine types, and some which 
are partly marine and partly fluviatile, or at periods ma- 
rine, or at periods fluviatile; and others which are entirely 
fluviatile, or almost bo. And though, at present, it is not 
plain that fluviatile types, on the whole, are superior to 
the marine types, we should not lose sight of the circnm- 
Btance that the only living Sauroids which have so many 
characters by which they may be connected with the class 
of reptiles, and considered as the highest among fishes, 
are entirely fluviatile ; both Lepidosteus and Palypterus 
occur only in fresh waters; some of the Lepidostei only are 
known to reach the mouths of rivers emptying into the sea. 
And though the families of Sharks and Skat«s are chiefly 
marine, nnmbera of them, especially of those types of Skates 
which have numerous fossil representativesduring the tertiary 
period, such as Myliobatis, are known to ascend freely the 
rivers in tropical regions. Among Cyclostonis, the lowest 
type Branchiostoma is marine, Petrostoma proper being both 
marine and fluviatile, the higher type of Ammoctetea (for we 
must consider Ammoctetes as higher, inasmuch as the divi- 
sion of the lips indicates a tendency toward a formation of a 
distinct upper and lower jaw), is exclusively fluviatile. The 
Goniodonts, which from their affinities to Sturgeons rank 
higher than the Siluridai, are exclusively fluviatile, whilst 
there are some marine types among the latter. Among 
Percoids, we find in fresh water a large number of those in 
which the two dorsals are distinct, a character making them 
eminently superior to the forms with undivided fins. For the 
same reason, we should consider the Sparoids inferior to the 
Percoids, their dorsals being npt only generally undivided, 
but even covered with scales. Among the Eels, tliose desti- 
tute of all fins are exclusively marine, those without pec- 
torals also exclusively marine, and we may fairiy consider 
the fresh-water Eels as the higher type of the family on this 
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ground. If there is any natural connection, as I have at- 
tempted elsewhere to shew that there is, between Scombroids 
and Scorn b ere HO ces, ax\A Eaoces proper, it becomes plain at 
ODce. that the latter are the higher from tlie abdominal posi- 
tion of their ventrals, and they are a fluviatile family. Even 
taking the Cycloids a« a whole, we find among them the 
lower families of Thoracici and Ingulares, as the families of 
Ood and Scomhrides, chiefly marine, whilst the family of Sal- 
monidffi and Cyprinidse are chiefly fluviatile. Among the 
Gadoids, we have those with many vertical fins, as the true 
Cod, marine, while those in wliich the dorsals and anals are 
reduced, such as the genus Lota, are fluviatile. Even among 
the Salmonidic, in the widest extension which this family had 
fonnerly, we find the Scopelidse, with the inferior structure 
of their jaws chiefly marine, while the Coracini and true Sal- 
monidEG are chiefly fluviatile. Everywhere, in fact, in each 
minor group, the fluviatile representatives shew characters 
indicating their superiority over their marine representatives. 
Whatever exceptions might he found to this law, which, in 
the outset, appears so general, I have no doubt will lead at 
some future time to the discovery of some other principle as 
yet unknown. 

2. Iteptileit. — The class of Reptiles ia one of the most in- 
teresting in the point of view under consideration ; and each 
of their types exemplifles in itself the law of the intimate con- 
nection between animal types and the media in which they 
live in the most striking manner, inasmuch as here the gra- 
dation which might be inferred from structural and embry- 
ological evidence, agrees most fully with the gradation of the 
elements in which they live. Among Batrachians we have 
chiefly fluviatile and terrestrial families. The Ichthyodes, 
or Batrachiana with permanent branuhiie, are all aquatic, 
and iicknowledged the lowest in the class. Some of their 
lowest representatives occur even in the brackish swamps, 
and, as soon as attention is called to this subject, it cannot 
fail to be perceived that the frogs, with their more or less 
palmate fic(gers, and their more aquatic habits, rank lower 
than the tojids, with their divided fingers and terrestrial 
mode of life. ; Among Ophidians we have chiefly terrestrial 
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families, and only a few marine and aquatic onea; but who 
can fail to perceive that the marine serpents, with their flat^ 
tened tail, are inferior to the terrestrial genera, and that 
among these it is a well-known fact there are some with 
rudimentary posterior extreraitieH, which assigns them a 
superior rank. Some objections might be drawn from the 
consideration of the Saurians, among which, the highest 
type, the Crocodiles, are chiefly fluviatile : but it has else- 
where been shewn that Crocodiles are not tmly Saurians of 
the same type with our LizardB, but modern representatives 
of a large family, which was very numerous in former geo- 
logical periods, when their first representatives were marine 
types provided with fina instead of distinct fingers ; so that, 
far from being an exception, the Crocodiles of our days, 
which arc either fluviatile or terrestrial, must be considered 
as the highest representatives of that almost extinct type of 
Reptiles, the earliest forms of which were marine, followed 
by fresh-water. Finally, among Cheloniana, the gradation, 
in connection with the natural elements in which they live, 
is most striking ; for the inferiority of the marine Turtles is 
as plain as it can he, not only in the form of their organs of 
locomotion, but even in the peculiarity of many of their in- 
ternal organs, especially of their ovaries, which contain eggs 
almost as numerous as those of fishes. Next we place the 
fresh-water Turtles, with palmate fingers, and highest, ter- 
restrial Testudines, with their short undivided fingers. So 
that we have in this class, with its various marine and fresh- 
water and terrestrial types, not only a full illustration of 
these laws, but so intimate a connection between gradation 
of structure and mode of living in various elements, as to lead 
to the conviction that the mere mode of living might, in many 
instances, be almost as safe a guide to ascertain the natural 
gradation of types, as the study of their internal structure. 

3. Birds. — Ever since the class of Birds has been the object 
of regular investigation, their aquatic types have been con- 
sidered as inferior to the terrestrial ones; and among the for- 
mer, those which live entirely an aquatic life are decidedly the 
lowest. They are so, not only on account of the more imper- 
fect development of their legs, which preserve throughout their 
embryonic form, but also in the less extensive deTelogment of 



tiheii- wings, in the more scale-like form of their feathers^ 
and the greater number of egga they lay, and the lesB cars 
they take of their young, which are hatched in a state o£ 
development in which they are already prepared to provide 
for their own food. Tlie same is the case with the Gallina- 
ceooa and the Wading birds, which, though more advanced 
in many respects, are still inferior to the climbing and Pae- 
Berine birds in this respect, having a heavier flight, if tbey 
Qy at all, and living a more terrestrial and even aquatic life; 
the Wading birds coming nearer in this respect to those with 
palmate fingers, and the Gallinaceous birds, us well as the 
Ostriches, having a more terrestrial mode of life ; whilst the 
Passerine birds rank higher in all these respects, feed their 
young, and take care of them for a longer time, and live 
almost exclusively an aerial life, few of them having aquatic 
habits, and those being, in their respective families, by th^r 
form, as well as by their mode of life, decidedly inferior to 
their loftier relations, 

The classification of Birds as a whole, is still so imperfect 
though their minor groups aj^ well understood, that many 
important relations in these respects must necessarily be 
more or less concealed as long as their primary divisiouB are 
not better known ; so that we may expect many interesting 
hints from further investigations in this view. 

4. Mammals. — The class of Mammalia is not only the 
most diversified in the forms of its members, but also in 
the diversity of their mode of life ; nevertheless, this di- 
versity is connected by the most intimate relations of struc- 
ture. The Whales are as much Mammalian by their in- 
ternal organization, as the most exclusively terrestrial quad- 
rupeds. True Cetaceans constitute a natural family, all 
the members of which are exclusively marine, and no one 
of them even fiuviatile— for the Sirenidce must be con- 
sidered as entirely distinct from the true Cetaceans ; and 
those Cetaceans, at the same time that they are so exclu- 
sively marine, are also the lowest type of Mammalia, not 
only from the imperfection of their extremities, of which 
there is only one anterior pair, and from the want of hind 
legs, but also from the extraordinary development and bulk 
of their muscular tail, and the development of a caudal fin, 
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aud sometimea even a fin-like fold of the skin upon the back. 
If it can be shewn that the Sireuidfe are an aquatic type of 
a larger group embracing Pachyderms, the direct relation of 
their structure and mode of life will be at once obviouB, since 
Sirenidffl are either marine or fluviatile, while true Pachy- 
derms are teiTestrial ; and should we not be justified in con- 
sidering the sub-aquatic Hippopotamus as inferior to its 
more tert'estrial relatives of the genera Rhinoceros, Elephant, 
and Horse? Are we not to consider the Ornithorynehus, 
with its pulmate hind-legs and spur, as inferior to Echidna 1 
Are not the palmate Rodentia inferior to the terresti'ial and 
arboreal types t Are not the aquatic Shrews inferior to the 
arboreal Insectivora \ All these secondary questions will 
receive, in future, due attention, and will no doubt be satis- 
factorily settled. But there are families in which we can 
already see our way, and arrive at precise conclusions. Among 
carnivorous Mammalia we have three distinct types, the Fin- 
nipoda or seals ; the Plantigrada or bears, and the Digiti- 
grada, dogs and cats. Now, even if objections were raised 
against the association of the Walrus with the common Seals, 
there can be no doubt of the inferiority of the latter when 
contrasted with Plantigrada and Digitigrada. Their short 
fin-like legs, their clumsy body, in connection with their 
aquatic marine life, assign them a lower position, and the 
Plantigrada must be considered as tnt«rmediate between 
them and tlie Digitigrada. Now, among Digitigradea, even 
if we take isolated genera, we are led to assign to the species 
witii aquatic habits, an inferior position among their nearest 
relatives. The Polar bear comes decidedly nearer the Seals 
in all its habits, than any other species of that genus, and, on 
that ground, should be considered as inferior to the terrestrial 
species. Again, the others, with their palmate fingers, rank 
lower than their teireatrial relatives ; and we may even find 
that such considerations will hold good among the varieties 
of one and the same species ; for we have varieties among 
the Digitigrade dogs, in which the fingers are palmate, a 
character which is derived from the imperfect development 
of their legs, preserving throughout life their embryonic 
form ; and these varieties among dogs are the most playful, 
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and at the same time, most a()uatic iq their habits, preserve 
ing in their adult state, characters of the young, and habits 
of the lower types ; this playful disposition beiog universal, 
even among the most ferocious of the cat tribe. 1 shall ab- 
stain purposely from tracing these comparisons higher ap 
among Monkeys, and in the human families, from fear of al- 
ludiog to exciting topics ; but leave it to the philosophic 
observer to consider how far the idea of an aquatic Monkey 
is compatible with the high position which these animals 
hold in the class of Mammalia ; and how curious it is that 
in the human family there are races which differ so much in 
their natural dispositions, mode of life, habits, and adaptation 
to higher civilization; and how closely these natural disposi- 
tions are connected with apparently insignificant peculiai-ities 
of structure. 

Upon reviewing the facts mentioned above, and the infer- 
ences derived from the facta, uo impartial observer can in 
future deny the importance of the study of the natural re- 
lations between animals and the media in which they live ; 
and the close connection which exists between them and the 
gradation of their structure. But this being the case, it 
must be a matter of surprise that the views so long enter- 
tained of the importance of this connection, which led earlier 
naturalists, generally, to the classification of animals accord* 
ing to the media in which they live, should have been bo 
completely abandoned, and even considered uf no value at all 
in systematic classiti cation. For my own part, I have no doubt 
that this negative result has arisen from the circumstance 
that also aquatic animals were brought together, in these 
earlier attempts, without reference to their structure or or- 
ganic development^ while we have found that structure is the 
ruling principlo, and that natural connection with the element, 
is the secondary motive by which these connections are in- 
fluenced. Indeed, aquatic animals, though agreeing in many 
respects, and though provided with analogous apparatus to 
perform the same functions, have, in different types of the ani- 
mal kingdom, a very different plan of structure, and very dif- 
ferent organs to perform the same functions. I shall not enter 

a a, detailed illustration of these diHerences, as I have al- 
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luded to these facts in othei- papers, but only recall liere, the 
^n'eat difference which exists in these coDDections between 
the different types. 

Among Radiata, which are all aquatic, we find even that 
the adaptation to the liquid element is introduced in a plan of 
structure which is widely different from the plan of stmcture 
prevailing in Mollust-a, though they also are chiefly aquatic ; 
and that even the terrestial types of Mollusca present, for 
adaptation to an aerial mode of life, only a modification of 
their aquatic types. The same may be said of insects, in 
which the stmctui-e is mainly that of Crustacea and worms, 
which are permanently aquatic types, presenting simply a 
transformation of thoae peculiarities of structure which en- 
able the lower classes to live under water, such as will enable 
them to rise in tJieir adult state into an aerial condition of 
existence. Among Verlebrata the case is very different, The 
type is constructed for a terrestrial and atrial mode of life ; 
even their aquatic representatives have rudiments of the ap- 
paratus, which acquire the highest development in the complete 
terrestrial types, and most of their aquatic types are truly 
atrial animals living in water, just aa insects are aquatic 
types adapted to the air. Let us only contrast in this re- 
spect Cetacea with common Articulata. They have a pul- 
monary mode of life as much as man; they have the same mode 
of reproduction ; only their form enables them to dive under 
water and to dwell permanently in the sea; but, for all 
their Btructure, they are truly aerial animals. And this is 
equally the case with birds and reptiles ; and with the fishes 
I am prepared to show that there is no difference in this 
respect. For, though in their perfect state. Fishes ai-e ex- 
clusively aquatic, they are completely built upon the same 
plan with those aerial classes of Vertebrata. The difference 
here is only this, that the branchial apparatus, which e.iists 
simultaneously in Keptiles, Birds, and Mammals, in their im- 
perfect condition, is developed to be a permanent organ of 
respiration, while it is reduced and disappears in the higher 
classes in proportion as the lungs acquire a greater develop- 
ment. In Fishes, on the contrary, the homologue of the lung 
remains functionally and organically in a rudimentary state, 
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as an air-bladder. But all classes have both apparatuses in an 
inverse state of development, and tims fishea are as fully 
constructed on the plan of the higher Vertebrata as the 
aerial Invertebrata are on the plan of their aquatic types. 
But the ciruumstanees that fishes have the double type of 
respiratory organs, and that the pulmonary one which by no 
means exist in any Invertebrates as 1 have shewn elsewhere, 
but throughout the Vertebrata including Fishes, shew that 
the whole type of the Fishes, have to be viewed in the same 
light as Reptiles, Biifls, and Mammals, and must therefore 
be only considered as a lower condition of these atrial types, 
and not the latter as a higher degree of the former. For 
trachem of, Insects, and lungs of spiders, are only modified 
branchiiB of the type of Arttculata, just as much as lungs of 
Pulmonata are modified bi-anchias of the type of Molluaca, 
while gills and lungs in Vertebrata afe parallel systems, both 
co-existing in all of them, and only acquiring respectively a 
different degree of development in each of their classes. 
These facts which I have traced in other papers through a 
special comparison of all the homologies of the differeni 
types of respiratory organs in Vevtebmta, Articulata, Mol^ 
lusca, and Radiata, shew plainly that the aquatic, marine, « 
fluviotile, and ten-estrial mode of life are introduced throagli- 
out the animal kingdom by special adaptations of peculiar 
different systems of organs performing analogous function^: 
and that the failure of introducing the consideration of (fat 
adaptation of animals to the media in which they live, in th< 
plan of their classification, must be ascribed to the fact that 
these analogous structures were in the beginning considered 
as identical features in the organization. But taking in 
fiiture into consideration all these peculiarities, we shall 
rapidly proceed towards the full understanding of all the ra- 
lations between the gradation of animals, and the media in' 
which they live, as far as they are not yet fully understood. 

An extensive review of the Vertebrata might long ag» 
have led to such conclusions, but before they could be con-* 
sidered as a general law ruling the whole animal kingdom, 
it was necessary that they should be treated in a special 
r through the iuiiumerable types of Inrertebrated aoi- 
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mala ; and we have seen that this agreement is as close and 
as complete throughout the types of Radiata, MoUusca, and 
Articulata, as it is plain among Vertebrata, and the slight 
difficulties to which we have alluded, must probably be re- 
ferred to the present state of our knowledge respecting some 
them, rather than to a departure from this law in any of 
their types. 



On the Presence of Fluorine in Blood and Milk. By Gborgb 
WiLaOH, M.D., F.it.S.E. Communicated by the Author.* 

In 1846 T announced to the Koyal Society of Edinburgh, 
that after finding that fluor spar was soluble in water, and 
occurred in many natural waters, I thought it well to seek 
for it in milk and in blood, and found distinct evidence of its 
presence in both. The proofs, however, were not so decisive 
as I could have wished, and the processes followed were 
liable to objection from their complexity, and the possibility 
of fluorine being introduced in some of the reagents em- 
ployed. There was reason also to suspect, that even if 
fluorine were present, it might be carried away by the con- 
siderable volume of liquid employed in the treatment of the 
blood and milk. 

This summer, accordingly, I have examined both of those 
liquids on a much larger scale, and by a much simpler pro- 
cess than formerly, and the results obtained have been so 
satisfactory, that I have thought they would prove interest- 
ing to the Section- 
In my former examination of blood, I obtained a good 
result only when the serum was employed. This summer, 
however, I have employed the fresh drawn blood of the ox, 
exactly as it was furnished by the butcher. About 26 im- 
perial pipts, or three gallons of blood, were made use of. This 
was obtained from different animals, in quantities of about 
Qine pints at a time, as this was as much a« could be conve- 

* Read to the British AaBociatlon, at ita MaaUog in Edinburgh, Angiut G, 
.18S0. 
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niently operated on at once. The reduction of the blood' 
to aghes wae a, tedious and not very pleasant process, btllP 
with tije help of a powerful furnace, and the active co-opera- 
tion of my aBsiataiit, Mr Stevenson Macadam, who took great* 
pains with the whole preliminarv operations, I succeeded iiB 
the course of a month in reducing the whole quantity to welt*" 
burned ashes. 

These ashes contained some unburned charcoal, but not 
in large quantity ; in greater part they presented the appear- 
ance of two distinct substances ; the one a dark-red solids 
owing ita colour to the presence of peroxide of iron, the other 
a white fused salt, having a strong, pure, saline taste, and 
consisting in greater part of chloride of sodium. The pre- 
sence of this substance interfered with the detection of 
fluorine, by evolving a large volume of hydrochloric acid» 
when the ashes were treated with oil' of vitriol, which carriedf 
away the hydrofluoric acid evolved simultaneously. It wa» 
necessary, accordingly, to remove the chloride of sodium be*, 
fore seeking for fluorine ; and to avoid the risk of introducing 
the substance sought for, by the employment of reagents wbicll' 
might possibly contain it, 1 effected the removal of the salt by> 
simply digesting the powdered ashes in a minimum of distilled 
wafer. This risked the removal of a little fluoride of cal- 
cium, or any otljer soluble fluoride which might be preeent, 
but precluded the possibility of any such compound bein^ 
added to the ashes. After being washed accordingly, thej 
were dried, and warmed with oil of vitriol in a lead basin* 
covered by a square of waxed glass, which had the word^ 
" BlooiJ, btk July 1850," traced upon it by a blunt style io' 
the ordinary way. The whole of the ashe.s were employed 
with one piece of glass ; but as the vessel could not contain 
the entire quantity in one charge, it was divided into tw 
portions, the first of which remained for hve days in tb9 
basin, and was then replaced by the other. The glass waa^ 
thus exposed for ten days continuously to the vapour arising 
from the acidified ashes. They effervesced very slightly whenr 
treated witli sulphuric acid, but evolved a sharp acid odour. 
The lead vessel was kept at a temperature of about 160° 
Fahrenheit during the day, and fresh quantities of oil of 
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■vitriol were added at considerable intervals, and the contents 
of the basin occasionally stirred. The glass, which was 
cooled on the upper surface by the freqnent renewal of a 
stratum of cold water, slowly became dim, and slightly opal- 
escent where the letters were traced, in consequence, no 
doubt, of the separation of silica, for the letters appeared 
deeply etched when the wax was cleaned off. From the large 
scale on which the experiment was conducted, and the sim- 
plicitv of the process followed, the evidence in favour of the 
presence of fluorine in the blood of the ox seems unexcep- 
tionable; and it cannot be doubted that the blood of other 
aoiinals will be found to contain the same element. I have 
detected it in the blood of the horse. I presume it to be pre- 

■sent in the state of Suoride of calcium, and that its amount 
is very small, but 1 have not attempted ita ijuantitative de- 

-termi nation. 

Milk was examined in a simitar way, but its reduction to 
aahes was much more easily effected than that of blood. I 
failed, however, to obtain other than the faintest indications 

■«f fluorine from the ashes of about SO imperial pints of cows' 
milk. It was from a town dairy, and left a suspiciously 
small residue of solid matter. The main cause of the failure, 

-however, I believe to have been the neglect to deprive the 
milk-ashes of the chlorides they contained. The experiment 
was repeated, with nine imperial pints of rich milk from a 
country farm, the ashes of which were washed with a mini- 
mum of water, dried and treated like those of blood. The 
vapour which tliey evolved, etched glass distinctly. The 
ashes of 12 lbs. of new skim-milk cheese made this spring, 
treated in the same way, occasioned deep etching of glass. The 
ashes of four imperial pints of whey treated in the same way, 
have barely marked glass, so as to shew the faintest outlines 
when breathed upon- In all probability the fluoride of cal- 
cium is associated with the phosphate of Ume present in milk, 
and when the latter is coagulated, separates along ivith the 
caseine. 

I need not remind the Section that fluorine was long ago 
detected in another of the animal fluids, namely, urine, as 
well as in the skeletons, both external and internal, of, I may 
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fiay. all classes of animals. Some difficulty was found at one 1 
time, in accounting Tor the presence of duorine in the ani- I 
mal tissues and secretions. But when we learn that fluoride | 
of calcium ia soluble in water, and is present in many j 
natural waters, and that it, or eome other salt of fluorine, I 
exists in the two great formative liquids of the animal j 
organism, milk and blood, we shall cease to wonder at its J 
presence in the animal solids and fluids, and begin to enquire J 
what its functions may be. I 

I would suggest, in conclusion, to those who may wish to I 
repeat or extend this enquiry, that— j 

\gt. Substances to be tested for fluorine in the way de- I 
scribed, should as much as possible be freed from the salts of I 
volatile acids. Much washing, however, must be avoided, as I 
it may occasion loss of fluorine ; and if complicated procesaes ' 
are followed, care must be taken that the reagents made use 
of, are free from fluorine.* 

2ttd, Substances examined for fluorine, should generally 
be left for at least twenty-four hours in contact with sul- 
phuric acid. If tlicy contain, as they generally do, some 
compound of calcium, the pasty sulphate of lime produced, 
will obstinately retain tlie hydrofluoric acid, so that unless 
the mass is occasionally stirred, and the glass left for so 
period exposed to the vapour evolved, no etching may be ob- , 
tained, although an appreciable quantity of fluorine is present. 



On the extent to which Fluoride of Calcium is soluble in water J 
at m" F. By Geokuk Wilson, M.D., F.R.S.E. Com- 
municated by the Author. t 

In 1S46, 1 reported to the Chemical Section of the BritaBlnl 
Association the result of an enquiry into the extent to which' J 



* Chloride of endiuin, and, tberefora, hydrochloric aoid, ara Uable ti 
t&in (luorinB derived from Bes water. PliOBjihorus, phosphoric acid, utd I 
phoaphiitfli are associated iii naturo with it j and so, though to a mac! 
extenl:, are the insoluble salts of lead and the BlttBline eactht. 

t Re^d to the British AssociatioD, at its Meeting at lildinbnrgh, Auj^iut 6Cb,J 
1860. * 
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fluor Bpar is soluble in water at G0° F. The result of my re- 
searches at that period was, tliat 7000 gi-ains of distilied 
water dissolve gr. 0'26 of the Bait iu question, at the tem- 
perature mentioned. Some ohjectionn were afterwards made 
by Mr Nisbet, to the method of investigation followed in 
Bom? of my experiments, whicli seemed to imply that a doubt 
waa entertained, whether the substance dissolved by water 
when it is digested on fluor spai", is fluoride of calcium, or the 
fluoride of silicon and calcium. I did not see the force of 
those objections, but I felt, nevertheless, that as all the so- 
lutions had been procured by boiling water on native fluor 
spar in glass vessels, which became slowly corroded if long 
exposed to the action of the solution, it waa not impossible 
that silicon might have been present, in some of the solutions 
which were employed to determine the amount of solubility 
of the fluoride. I thought it well, accordingly, to repeat the 
results with solutions made in metallic vessels, and never 
allowed to come in contact with silica in any condition. 

One set of trials was made last summer (1849) in the fol- 
lowing way : — Well crystallised, transparent fluor spar, was 
boiled for some hours in a platinum basin, with fine hydro- 
chloric acid, so as to secure the conversion of any silica pos- 
sibly present, into fiuo-silicic acid, and remove any metallic 
oxide, sulphate of lime, carbonate of lime, or other foreign 
matter present in the spar, and soluble in the acid. The 
purified fluor was then washed in the same vessel, by copious 
affusion with warm tlistilled water, and in this state em- 
ployed for the preparation of the solutions to be evaporated. 
An aqueous solution was prepared by boiling distilled 
water on this purifled salt contained in a platinum basin, 
and the liquid was then transferred to a pewter vessel, 
in which it was collected and left for some dajs at the tem- 
perature of 60°, that it might deposit the excess of fluor it 
had dissolved at 212". The clear liquid was then filtered 
tlirough a tin funnel, with the neck partially choked by zinc 
filings, and the filtrate was measured in a pewter vessel, 
which had been carefully graduated, so as to contain, when 
nearly full, 7000 gi-ains of the solution at 60". The liquid 
thus ubtaiued and measured, aud which had ncvor come in 
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contact with silica, was then evaporated to dryness in a pla- 
tinum capsule, and the amount of residue ascertained. Six \ 
careful trials were made, and gave as a mean, gr. 0'25166 a 
the amount of fluoride of calcium soluble in 7000 gratas or 10 j 
• fluidounces, »'. e., a pint (Old Apothecaries' Measure.)* This I 
result approaches so closely to that previously obtained with I 
glass vessels, that the number found must be considered aa I 
making a near approximation to the truth. 

A similar series of observations was made this summer, I 
but the fluor spar, which was of great apparent purity, as I 
furnished to me through the kindness of Mr Tennant of 1 
London, was not subjected to any preliminary treatment with f 
hydrochloric acid, but simply boiled with distilled water, and 1 
the solution collected and cooled as before, in a pewter j 
vessel- The liquid was allowed thus much contact with I 
silica that it was passed through a paper filter placed within 
a tin funnel. Few, however, I think, will suspect that it can 
have transferred to itself any silica from the saline constitu- 
ents of the paper. Six trials were made in this way, the 
mean of which gave gr. 026 as the quantity of fluoride of 
calcium soluble in 16 ounces of water. The numbers, of 
which this ia the mean, hke those obtained in the previous 
determinations with metallic vessels, diiFer more from each 
other than the numbers did in the first series of experiments, 
where the solutions were made in glass flasks. This, how- 
ever, was to be expected ; for the liquid employed in the first 
series was prepared at once to the extent of many pints, and 
the uniform composition of the whole secured, before any of | 
the solution was evaporated. In the ease of the metallic i 
vessels, on the other hand, owing tu their smallness, each J 
pint had to be prepared separately, and its evaporation eon*- | 
pleted before another was procured. The numbers, there- 
fore, could not but differ more in the second and third deter- 
minations than in the first. The highest number was 0'28, 
the lowest 0-24. We may therefore consider 0-26 as auffi- I 
ciently nearly representing the true solubility of fluor spar, I 
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80 that pure water may be considered as able to dissolve 
BffiiB 'tB weight of this salt. The residue of 16 ounces of 
the solution etches glass rapidly and powerfully. 

The amount of solubility obsorved, though comparatively 
small, is large for a salt reputed quite insoluble, and is plainly 
suf&cient to occasion an appreciable error in the quantitative 
determination of fluorine by the ordinary process, since as 
much as a pint of wat-cr, and that perhaps at the temperature 
of 212°, must often be employed in washing a precipitate of 
fluoride of calcium. 



Memoranda regarding an Ancient Iro» Boat-Hoofc, found m 

the Carse of Gowrie. By R. Chambers, F.R.S.E. and 

V.P.S.A.Sc. Communicated by the Author.* 

In the month of Augu>it 1837, Eoma labourers employed in dig- 
giDg gravel on ttie farm of Itichmichael, in the Carse of Gowrie, 
found an ancient boat-hook at the depth of sibout 8 feet from the 
Burtace of the ground. t 

This incident excited the more attention, that there naa a popular 
notion, long prevalent, that the Carae of Gowrie was once covered 
by the sea, excepting only tliose low eminences scattered over its 
surface, which are supposed to have acquired the generic appellation of 
inches, in reference to the insulated position in which they were then 
placed. In support of this myth or tale, it is affirmed that the re- 
mains of an anchor were found some years ago on the estate of Meg- 
ginch. Of course, no such story could be worthy of serious notice 
ill this place, were it not for its apparent harmony with the modeni 
geological hypothesis regarding changes in the relative level of sea 
and land. That the Carse of Gowrie has once been under water, no 
geologist can doubt ; but it is a different question, — has it been 
BO submerged since the time when the British Island was first 
peopled, or when anchors and boat-hooks of iron came into use in 
this country ^ To set this question at rest, I took a considerable 
amoucjt of trouble ; 1st, to ascertain the precise local and geological 
ciroum stances of the relic, as observed at the time of its discovery ; 
2d, to decide whether the relic could have come into these circum- 
stances in any other manner than by beiiig lest in a sea formerly 
covering the Carse. 

The local and geological circumstances were briefly these. The 
boat-hook was discovered under a slightly raised piece of ground 

* Abridged from a comniunictttiou to the Sociaty of [bo Antiquariea of Scot- 
land. buC not hichurto publiehed. 
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near the extremity of tlie mount called Inclimichael, The Errol 
station of the Perth and Dundee Railway has since been set down 
within 60 yards of the spot. Froni pits stilt open, it can be obserred 
that the ground is bera composed to a considerable depth of gravel, 
with an appearance of stratification ; and this gravel is continued all 
the way tu the end of Inchmiohaal, which is a ni«^ of the same ma- 
terial. The place is a mile from the estuary of the Tay. The gene* 
ral surface of the argillaceous plain called the Carso, is here 25 feet 
above tide ; but the particular spot where the boat-hook was dig' 
covered, is three feet higher, or 28 in all ; consequently, the boat-hook 
was deposited fully 20 feet above the present level of the sea. The 
relic itself was in no respect unoommon in its appearanoe. It wu 
pronounced by Rear-Admiral Sir Adam Drummond of Megginoh, 
to be such an instrument of its kind as would be used in a man-of- 
war's launch, or a mercantile boat of three or four tons. The ap- 
pearance of the hose gave reason to suppose that it had been fastened 
in the usual way to a wooden shaft. 

I may here remark, that the antiquary makes at the first ft 
decided objection to a vert/ great antiquity for any relic of iron. It 
is now ascertained that, over all Europe, human society existed fin 
ages without any knowledge of metals, that there succeeded an age 
in which copper hardened by an infusion of tin (broiiKe), waa used 
fur making implements, and that not till these two long periods had 
elapsed, and not till a time verging upon the historical era in oar 
country, was the use of iron introduced. It is therefore certain, 
that this boat-hook could not have been lost or embedded at this 
place in one of the earliest ages of a Caledonian population. It 
hence becomes the' more desirable to ascertain if the existence of ths 
relic in such a situation, could not be accounted for without suppos- 
ing any great geological change as occurring subsequently to its de- 
position. We might of course assume, with tolerable confidence, 
that the article is comparatively modern ; yet there must obvioaaly 
bo some satisfaction in knowing by what means a nautical implement 
had pi'obably been embedded at so great a depth in stratified gravel, 
a mile from the present shore. 

One important feature of the Carse in this district is now to he 
adverted to, namely, a trench or ditch in which a little rill crosaea 
the plain obliquely, to join the estuary in one of those creeks locally 
called paws. The course of this rill is not more than 130 yards 
from the spot where the boat-hook was discovered. It is, in these 
days of high cultivation, a narrow ditJ^h of well-defined sides ; but 
no one can doubt that, in other times, it would comprehend a wider 
space. Now the bottom of the ditch at this place, is so little above 
the iBvel of the sea, that an abnormal tide might reach it — though I 
am not aware of any such event having been actually observed. Let 
us louk, however, to the recoids of such events in early times. 

Sir Charles Lyell, in his Principles of Geology, adduces a. number 
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ofliistoricai notices of inundations by tlie sea in Hollftcd, causing 
tho destruction of vast numbers of bumtin beings and cattlo, ftnd in 
some insttiDoea permanGtitlj changing the face of nature. The ex- 
treme lowneBs of that country makes it little surprising thai many 
euch oataraities should have taken place ; but we are less prepared 
to hear of a tra*!t 25 foet above the sea-level, and that nut fronting 
the open sea, but bordering a confined estuary, being on any ooca- 
sion Bubmergiid. It does nevertheless appear as if tlis sea had a£- 
toally, oil several occasions during the middle ages, covered large 
portions of tho coast in this part of Scotland, as well as in other dis- 
tricts of the island. The Saxon Clironiole states that, in 1014, on 
the eve of St Michael's day, " came the great sea-flood which spread 
wide over the land, and ran so far up as it never did before, over- 
whelming many towns, and an innumerable multitude of people." 
I'orduD describes the great flood of 1212, by uhich ancient Perth is 
tinderetood to have been destroyed. He speaks of great river floods 
being on this ocxasion driven back by the swelling of the sea, and 
the waters being thus raised so much above their usual level, that 
not merely boats and cobles, but large ships were carried up into 
the streets and highways. As this was probably only a river flood 
overspreading the comparatively low grounds beside tbe Tay, near 
itsjunotion with the Almond, we caiinut with confldence suppose 
that it could have any efTL-ut upon the Carse of Gowrie ; there is 
more likelihood of such effect from tha sea-flood, com ni em orated by 
the same autlior as taking place in 1267, when, on tbe day of the 
eleven thousand virgins, a very great storm arose in tho north ; by 
which the sea. being roused to fury and overstepping its usual bounds 
in a wonderful manner, levelled bouses, towns, and trees, and brought 
the greatest damage in many places, but particularly betweari the 
Tay and the Tweed. The chronicler says, that such a flood had 
not happened from the time of Noah ; and adds, that its effects are 
still visible in his own day, upwards of a ceDtui-y and a half from its 
occurrence. Matthew of Westminster adverts to several inunda- 
tions of the 13th century, as producing extensive damage. One on 
St Martin's eve, in the year 1236, was attended by a constant rise 
of the sea during two days and a night, the strength of the wind 
preventing its reflux. It carried ships with breach of anchor out of 
harbours, broke down shores, and destroyed a multitude of people. 
An occurrence in 1256, similar, except in there being no mention of 
ths sea, is worth quoting on the present occasion, as the author states 
that bridges, bay-stiieks, the dwellings of Qshermen, with their nets 
&aiboat^eara, and even cliildrenin their cradles were carried away. 
With such events as these on record, within the period during which 
iron implements have been in use, it does not appear very difficult 
to account for the loss and embedding of the Inclimichael boat-hook, 
without calling any greater geological forces into operation in the 
case. We may suppose the sea-flood of 1267 to have borne a small 
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veaaul or boat to this place, favoured in doing so bj the natural 
hollow of the rill formerly adverte<l to. The beating of tiie inundi 
tion on the skirts of Inchmiohael might produce that bedding of 
gravel in which the relic was subsequently found. As the i 
^uuai-valiey passes through the neighbouring estate of Megginch, it 
seems far fi'oni unlikely, that the anchor found in a low situatioB 
there may have belonged to the same vessel with the bost-hook,i 
Ail this is of course purely hypothetical ; but our purpose, it must 
be remembered, is only to discover ft manner in which the loss and 
deposition of these articles might have occurred, since the present 
relative arrangements of sea and land were assumed. 

On a former occasion, I enumerated a series of similar discoveriea 
in the low sea-borderiog lands of Scotland. The remains of a boa^ 
and several nautical implements, particularly an anchor, are recorded 
to have been found in the Carse of Falkirk, several miles from ihli 
sea. In the Carse of Stirling, as is well known, the skeletons of 
two whales have been discovered in recent tinjes, in each case accom- 
panied by an implement of bone, denoting that the animals had beea 
embedded there since the country was inhabited by man. In thi 
similar plain on which part of Glasgow is built, four or five andent 
oanoea have been discovered; and, in one case, a flint weapon: 
was found within the boat. Considering that the ground at (xlaa^- 
gow was 25 feet above the sea, while the utmost ascertained height oC 
modem inundations in the Clyde is 21 f<>ot, I leant, though not 
without due hesitation, to the hypothesis, that a change in the rriv- 
tive level of sea and land was required to account for these pheim* 
mena. I must now acknowledge, that the archceolugical considerft^ 
tions regarding the Inchmichael boat-hook, and those connected widt' 
ancient inundations and abnormal tides, dispose me to regard Ch& 
whole pLenumena as of a purely historical character. 



On the Causes which Influence the Changet of laother) 
Lines. By Mr Richard Adib. Communicated by 

Author. 



In the following communication, I mean to endeavour to shew, 
that the high tempeiature enjoyed by European countries, when 
compared with others in the northern hemisphere of the same lati- 
tuda, can be better accounted for when the cause of the elevated 
temperature is refern-d to heat generated in the gi'eat desert of North 
Africa, than when, as is mure generally done, it is attributed to the 
influence of the gulf stream. 

For isothermal lines, or lines traced through places on die earth' 
surface, having the same mean aimual temperature, we are indebted| 






the Change* of Isothermal Lines. 

as the readers uf thU Journal are well aware, to M. Humboldt. 
This philosopher has tracod in the northern hemisphere eight sach 
Unas, Sve of them con6ned chiefly to the opposite shoroB of the 
Atlantic, and three of them esLtending round about two-thirds of the 
earth's surface. The evidence given by these lines, together with 
the recent maps of monthly isothermal lines by Professor Dove, shew 
the north- western pai ts of Europe to possess a much milder climate 
than any other localities of corresponding latitude in the same 
hem i sphere. 

M. Humboldt found, that of two stations of equal latitude, the 
one in Europe and the other in North America, the mean tempera- 
ture in the former was 4'1 of Fahreiihuit above the mean aimual 
temperature of the latter. The attempts which have been made to 
explain the reason of this great elevation of temperature in Europe 
have dwelt chieSy on the proximity of the Atlantic, and the in- 
fluence of the gnlf stream. In so far as the western shore of a 
continent has been shewn to be warmer than the eastern, the 
proximity of the Atlantic would be available hi explam the supt^rior 
temperatures in Europe, compared with the United States or British 
pOBsessione in North America, But, if the observations which have 
been made on the we.stem shores of North America can be relied on, 
the shoi-e of that continent, bordered by the far-stretching Pacific, 
has much lower temperatures than similar latitudes in Europe, north 
latitude 45° being on the same isothermal line with London between 
62° and 53°. Conseq^uently, after deducting what is due to a western 
sea-board, there still reuiains an excess of temperature in Europe to 
be accounted for. The gulf stream which, after a course of about 
4000 geographical miles, passes along the coast of the United 
States to the banks of Newfoundland, where it begins to cruas the 
Atlantic to tlie shores of Norway, has been repeatedly urged as a 
reason for the high temperatures of Europe ; if we look at the re- 
g;iBterB of temperature of places on the North American coast, near 
the banks of Newfoundland, we dnd them but slightly elevated by 
that cause, while on the coast of Norway, where the gulf stream can 
have far less influence, the temperature for the latitude is very 
great, hence another source of heat is required to account for the 
elevated temperatures of north-western Europe. At a distance, 
varying according to the localities from 1500 to 3000 geographical 
miles, there is in the Sahara of Africa a magazine of heat, usually 
considered us the greatest on the face of the globe, and composed of 
heated air capable of travelling with facility at ten times the velocity 
of oceanic currents of water. 

The air on the African desert has usually the same direction as 
the trade-winds, namely, north-easterly, which is now admitted to 
be explained by the reasons given by Halley, namely, the influence 
of the sun rarifymg tiie air at the equator, and the rotation of the 
earth on its axi^. The prevailing wind:, of the desert taking away 
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the air from the direction of the countries whose temperatures at 
much elevated, maj be thought to militate against the inference, that 
their climates are improved by heat from that source ; but the cob- 
tinued stream of air id the region of the trade-winds all round the 
world, wherever the surface of the earth is uninterrupted by table- 
lands or mountain ranges, from N£., must have a counterbalancing 
SW. wind somewhere ; for whith reason it has long been held, that 
the south-west winds of the temperate zone compensate or restore 
the atmospheric equilibrium which a perpetual N£. trade-wind 
would disturb. 

Taking, then, the SW. winds as the returu currents of air carried 
towards the equator by a NE. trade-wind, the inBuence of the heated 
air of tlie Sahara should reach Europe by a SW. wind ; then, ii~ 
allow that niucb of the heat received by the air in the desert has 
assumed a latent form in aqueous vapour during tbo transit, we should 
next expect to hnd that where the aqueous vapour is chiefly cc 
densed, the isothermal Hnes tend furthest northward, a suppositi 
whith agrees well with the position of the isothernial line for 32" 
temperature on the coast* of Norway. 

The climate of western Europe may be held to owe its favoured 
temperatures to two distant sources of heat. The first, and most 
important, from a tropical sun acting on the air over the greatest 
desert in the world ; the second from the same tropical sun heating 
the waters of the Carribbean sea. The action uf the sun on ground 
destitute of vegetation is well known to heat the incumbent air with 
rapidity ; in dry bright weatbei' the air oter a fallow field in thii 
country is teen agitated by the uprising currents of air ; and I havo 
seen a thermometer placed on the soil, and covered with a little 
powdered dry earth, stand, on 1st August, at 120''' Fahrenheit. Ib 
the African desert, there is within a short aerial journey of t 
mass of heated air greater than can be found in any other place of 
the same miignitude. The space of time required for the transmiS' 
sion of this air to Europe must, I tear, remain a matter of conjecture^ 
the proi;abiIity is that it may reach the latitude of London in 100 
hours. The second source of heat, the Carribbeau sea, has &n a] 
nearly the same as the Sahara, so that there may be an amount 
solar influence to transmit to northern regions nearly equal to thai 
from the Saliara. The golf stream passes for a course of 1800 
geographical miles along the American coast, bathing the shores of 
places possessing low temperatures for their latitudes, but which are 
nevertheless influenced by the gulf stream ; for, receding from the 
shore inland, the isothermal line tends to the south ; while. Tor 
Europe, the gulf stream has to make another journey of 1800 milesj 
where its ujfluence must be still less than on the American eoaety 
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from which wo must inl'er that very little of the temperature of 
Europe can be due to the gulf xtream. Taking the south-west winds 
as the oounterbalajicing currents for the perpetual NE. trade- winds, 
they cannot derive their heat from passing over the warm water of 
the gulf stream, for that is not in their tract. Subsequent obser- 
vation must determine whether our S. and SW. winds derive their 
heat horn what is generated in the form of dry parched air on the 
African Sahara ; for the reasons given, I cannot but help believing 
that it is so, and that the west coast of Europe enjoys a climate dis- 
tinguished for its high temparature above all other lands of the same 
latitude through the influence of the great desert of Africa. 



On British Eocene Serpents and the Serpent of the Bible. By 
ProfeBsor Owen. 

A few bones of serpents have been found in the superficial stalag- 
mite, and ill clefts of caves, iu peat bogs, and the like localities, which 
bring thiiir occurrence and deposition within the period of human 
history. None of these Ophidian remains, however, have offered any 
diflerences in size or other character from the corresponding parts of 
the skeleton of our common harmless snake {Colvher ndtrix.') As 
yet, no Ophidian fossils have been found in British fresh-water for- 
mations of the pre-adamitic or pleistocene period, from which tbrraa- 
tions the remains of the Mammoth, Tichorrhine Bhinoceros, great 
Hippopotamus, and other extinct species of existing genera of Mam- 
malia have been so abundantly obtained. Between the newest and 
the oldest deposits of the tertiary period in geology, there is a great 
gap in England, the middle or miocene formations being very incom- 
pletely represented by some confused and dubious parts of the crag 
of fluvio-marine origin in which teeth of a Mastodon have be^ 

The deposits in which the remains of the large serpents of the 
genns Palieophis occur so abundantly, carry back the date of their 
existence to a period much more remote from that at which human 
history commences. Yet, as the strange and gigiintic reptiles that 
have been restored, and, as ic were, called again to life, from times 
vastly more ancient, realize, in some measure the fabulous dragons 
of mediseval romance ; so the locality on our shore of the English 
channel in which the Eocene serpents have been found in most abun- 
dance and of largest size, recalls to mind, by a similar coincidence, 
the passage cited by an accomphahed and popular historian, in his 
masterly sketch of the rise and progress of the English nation. 
" There was one province of our island in which, as Procopius had 
been told, the ground was covered with serpents, and the air was such 
that no wan could inhale it and live. To " " " ' 
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BpiritB of the departed were ren-idd over frutu the land uf ihe Frx 
St midnight." — Maruulay't History of England, id\.. i., p. 

Tlie diEcover; of serpeDts of different genera aod species, 
e.^. Pa{«ryx, terrestrial, and all manifesting tlie peculiar and cLaractei>v^ 
istic Vertebral organization of true Ophidic, at a period incalculably, 
leniete frum that at wliich we have any eTiden<» of tlie exlt^tence oC' 
mail, mure forcibly recalls our early ideas of the nature and oi-igia 
of serptnts deri^td fi-om annotations to Scripture which repreaented 
tiiem as the progeny of a transmuted species, degraded from ~ 
originally created foiin as the consequence and puuiakment of its 
stru mentality in the temptation of Eve. 

'' Ihe curse upon the serpent," say the learned Dis D'Oyly a 
Msnt, in the edition of the Bible printed under the direction of tli»| 
Society for the Promotion of Christian Knowledge, ed. 1823, " con- 
sisted, ljr(, in bringing down his stature, which was probably, in grea|1 
measure, erect before this time i ' upon thy belly shalt thoD go,* 
' upon thy breast,' as some versions have it : idly. In the niean 
of his provision, ' and dust shalt thou eat,' insomuch as creepi 
upun the ground, it cannot but licit up much dust togctli 
fuod." 

The idea of the special degradation of the serpent to its actual 
form, derived from interpreting the sentence upon it as a literal 
statement of fact, has been so prevalent as to have affected some of 
the zoological treatises of the last century. Thus, in the quaint and 
learned " Natural History of Serpents," by Charles Owen, D.D,. 
4to, 1742, p. 12, the author, treating of the food of those reptiles, 
writes, — " That du.st was not the original food of the serpent aeema 
evident from the sentence passed upon the Faradisaick serpent, but 
the necessary consequence of the change made in the manner of iii 
motion, i. e., the prone posture of its body, by which it is doomed to 
live upon food intermixed with earth." 

Dr Adam Clark, commenting more recently upon the record in 
its literal sense, seeks to elude the difficulties which th( 
by contending that the Hebrew " Naohash," may be translated i 
" Ape," as well as " Serpent." But when wo find him 
the necessity of glossing the text by such expositions, as that to go-i 
on the belly, means " on all-fours ;" and by affirming, of the arbonial'l 
frugivorouB four-banded monkeys, that " they are obliged to gathapl 
their food from the ground," we have a lively instiiuue of the straitVi^ 
to which the commentator is reduced who attempts to p6iie 
deeper than the Word warrants, into the nature of that myBtecioua 
beginning of crime and punishment, by the dim light of an imperfe 
and second-hand knowledge of the divine works. 

If, indeed, the laws of the science of Animated Nature forme 
part of the preliminary studies of the theologist, the futility of 
attempts to expound the third chapter of Genesis, viewed as a simpla4 
n o! facts, w^ould be better appreciated by him; and if hvi 
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^llould Btill be prompted to append his tliougUte, as so many lamps 
by the side of the second text, he would most probably restrict him- 
GoIf to the attempt to elucidate its syuibolicai signification. 

What xoology and anatomy liave unfolded of the nature of aerpente 
in r^ard to their present condition, amounts to this : — that their 
parts are as esquisitely adjusted to the form of their whole, and to 
tbeir babits and sphere of life, as is the oi'ganization of any animal 
which, in the terms of absolute comparison, we call superior to tbem. 
It is true, the serpent hue no limbs, yet it can outcHmb the monkey, 
outswim the fish, outleap the jerboa, and, suddenly loosing the close 
coils of its crouching spiral, it can spring into the air and seize the 
bird upon the wing; thus all these creatures fall its pi'ey. The 
tMrpent lias neither hands nor talons, yet it can outwrestle tlie athlete, 
and crush the tiger in the embrace of its ponderous overlapping folds. 
^&r from Ucking up its food as it glides along, the serpent lifts up 
its crushed prey, and presents it, grasped in the death-coil as in the 
ll&iid, to the gaping slinte- dropping mouth. 

It ia truly wonderful to see the work of hands, feet, fins, per- 
formed by a simple modification of the vertebral column in a multi- 
|>lication of its joints, with mobility of its ribs. But the vertebrtB 
He specially modified, as I have already described, to compensate, by 
ttie strength of their individual articulations, for the weakness of their 
lifold repetition and of the consequent elongation of the slender 

As serpents move chiefly on the surface of the earth, their danger 
^ greatest from pressure and blows from above ; all the joints are 
feccordingly fashioned to resist yielding, and to sustain pressure 
fn a vertical direction ; there is no natural undulation of the body 
upwards and downwards, it is permitted only from side to side. So 
^osely and compactly do the ten pairs of joints between each of the 
iwo or three hundred vertebrse fit together, that even in the relaxed 
uid dead state the body cannot betwisted, except in a series of side coils. 

Of this the reader may assure himself by a simple experiment on 
t dead and supple snake. Let him lay it straight along a level 
lorface ; seize the end of the tail, and, by a movement of rotation 
between the thumb and finger, endeavour to screw the snake into 
Spiral ooils ; before he can produce a single turn, the whole of the 
long and slender body will roll over as rigidly as if the att*mpt had 
een made upon a straight stick. 

When we call to mind the anatomical structure of the skull, 
the singular density and thickness of the bones of the cranium, 
strike us as a special provision against fracture and injury 
to the head. When we contemplate the still more remarkable man- 
ner in which these bones are applied one over another, the super- 
bccipital, overlapping the exoccipital, and the parietal overlapping 
&a Euperoccipital, the natural segments being sheathed one within 
the other, the occipital segment within the parietal one, we 
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cannot but diEcern a special adaptation in tlie structure of Serpesf 
to their commonly pcone position, and a prevision of the dangera to 
which they were subject from falling bodies, and the tread of heaTj 
beasts. I might enumerate many other equally beautiful instanceB 
of design and foresight, — the whole organization of the Serpent ii^ 
replete with auoh — in relation to the necessities of their apodal 
Terniifonn character ; just as the snake-like eel is compensated bjr 
analogous modifications amongst fishes, and the snake-like centipi "' 
amongst insects. 

But what more particularly concerns us in the relation of the ser^ 
pent to our own history, is the gi'oat and significant fact revealed bjf 
palseontology, viz., that aU these ophidian peculiarities and com* 
plexities of cranial and vertebral organization. In designed subs 
viency to a prone posture, and a gliding progress on the belly, wi 
given by a beneficent Creator to the serpents of that early tertiarjr 
period of our planet's history ; when, in the slow and progreasivB 
preparation of the earth, the species which are now our contem- 
poraries were but just beginning to dawn; these, moreover, boinj 
species of the lowest classes of animals, called into existence long bo- 
fore any of the actual kinds of mammalia trod the earth, and long 
ages before the creation of man. — A IHatory of British Reptiles, &jf 
Professor Richard Owm. Part III., p. 151. 



On Laviprey Eels — (Pelrotnyzontidce) — and their Embryonte 
Development and Place in the Natural Hislori/ System. 
There are families in all departments of nature, wliOBe' 
peculiarities call for an inveatigation of their more general, 
relations rather than of their structural details. The Petro- 
myzona are in this ease. Closely allied together and circum- 
scribed in a most natural family, it is a question whether 
they should be entirely separated from all other fishes to 
form a great group by themselves, or whether they belong tt>i 
one of those great divisions in which the individual members 
differ widely from each other. In other words, should the^ 
Petromyzons stand by themselves in a natural classification, 
of fishes, as PrineoCaninoand Joh. Miiller have placed them, 
or shall we combine them with skates and sharks, as Cuvien 
has done ? To answer such a question, it is necessary to^ 
discuss beforehand principles of the utmost importance in the 
study of natural history, and above all to settle the following' 
difQculty ; — la the study of anatomical structure an abso-^ 
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lutely safe guide in the estimation of the relations of animals 
to each other? Cnvier, who made the study of comparative 
anatomy the foundation of classification, carried out this 
principle in a most remarkable manner, and improved the 
natural arrangement of animals most surprisingly ; indeed, 
he made zoology truly a science hy it ; but with a tact that 
characterises genius, he limited the absolute consequences of 
this law by a true appreciation of the relative value of cha- 
racters ; introducing at the same time with the principle of 
class iBcation, according to the structure of animals, that of 
subordination of charactDrs, without which the first great 
principle might mislead us, instead of helping to ascertain 
the true relations of organised beings. Now it seems to me 
aa if zoologists and anatomists had of late insisted too strictly 
upon the absolute differences which exist between animals, 
instead of attempting to appreciate the relative value of the 
dififerencea noticed. Of course, as this latter point rests 
almost within the limits of individual appreciation, it is more 
difBcult to find the right path here, than in almost any other 
department of zoological investigations ; but I hope to be 
able Xq introduce another great principle of zoological classi- 
fication, which shall afford a safe guide to settle such doubts ; 
I mean the study of embryonic development. 

Let me now show, in the present instance, how I consider 
it possible to be led hy anatomical evidence considered in its 
absolute results, to combinations strictly opposed to those 
which an additional acquaintance with embryonic develop- 
ment might indicate. 

Guided by his admirable natural feeling of afiinitiea, 
Cuvier placed in one and the same great division, sharks. 
skates, and lamprey eels. Influenced by anatomical investi- - 
gation, and indeed by the most minute and admirable know- 
ledge of their anatomical structure, derived from unparalleled 
investigations. Job. Miiller concluded, on the contrary, that 
the Cyclostomata were to be separated from the other car- 
tilaginous fishes, and placed by themselves at the other end 
of the class. Who is right in this case cannot be ascertained 
1)y any further anatomical investigation ; it has thence- 
forth become a matter of individual appreciation, unless 



we introduce another principle, by wliich we can weigh 
real value of those remarkable difFerences. Such a principle^ 
I think, we have io the metamorphosis of embryonic life. 
Indeed, if it can be shown, that besides the differences which 
exist in nil fishes between their earliest forms and their fait 
grown state, there are pecnliarities in sharks, skat€s, amj 
lamprey eels, common to all of them, from an early period of 
development, which remain characteristic throughout life,' 
it must be acknowledged that these families belong to on* 
and the same great group, notwithstanding their extrem» 
differences in their full-grown condition. Now, such facta* 
exist. In the first place, it is impossible, without disturb- 
ing their true afiinities, to consider an extraordinary de- 
velopment of pectoral and ventral fins as a standard t» 
appreciate fundamental relations between fishes, as in 
Jtshea, without exception, they are both iranting in 
life, and as there is scarcely a family in which veni 
at least, are not wanting in some genus or other, W) 
might just as well place Petromyzons among the eela, atf 
their common English name purports, on the ground of 
deficiency of their abdominal and thoracic organs of lot 
motion, as separate them from the other Placoids. Aga 
the peculiarities in the development of the dorsal, caudal,! 
and anal fins in sharks and skates, and the difference which 
exists between them and the Petromyzons, indicate in nn 
way their affinity or their difference ; in Petromyzon we bavSi 
the embryonic condition of vertical fins, where a continoouv 
fold in the skin of the middle line extends, as in all embryo' 
fishes, from the bach round the tail, towards the abdominal 
region. In the sharks we have distinct vertical fins, as they 
generally grow out of the continuous embryonic odd fin,; 
whilst in the skates these fins disappear almost entirely, or- 
are considerably reduced. That animals in their embryoiii© 
condition are neither so elongated as many of cylindrictil 
form in their full-grown state, nor so short as some others, 
is ascertained by the eTnbryology of snakes and toads. Thus 
all the great external differences which exist between skates 
and sharks on one side, and Petromyzon on the other, do 
not shew that these animals do not belong to the same na- 
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tural group, as we have even among the full-grown ones, 
what we may call traDsitiona between the extreme forma ; 
for instance, sharks with more elongated body than others, 
with more extensive vertical fins, even with two dorsals and 
Borne without ventrals. Again, the remarkahle form of 
skates arises solely from an extraordinai-y development of 
the pectorals ; they are nevertheless closely allied to sharks, 
notwithstanding the striking difference in the position of the 
gill opening. 

As for the anatomical differences which exist among these 
6shes, and upon which so much stress is placed as to make 
the want of a heart, in Amphioxua, the foundation for a pe- 
culiar class to include that single fish, let us not forget that 
there is an epoch in embryonic life, when no vertebrated ani- 
mal has yet a heart ; when the vertebral column is a mere 
soft continuous cord ; when the brain is scarcely subdivided 
into lobes; when the head, as such, is not yet distinct from 
the trunk ; when the mouth is a mere circular opening at 
the anterior extremity of the body ; when the gills are simple 
fissures on the sides of the head, or what is to be a head, 
without branchiostegal rays, or operculum, or protecting 
"Covering of any kind. 

Whoever is familiar with the anatomy of fishes must per- 
ceive, after these remarks, that the peculiarities which cha- 
racterise Petromyzon have a bearing upon the embryonic 
condition of their structure, even in their full-grown state, 
and do not, by any means, mark a difference between them 
and the sharks and skates, any more than between them 
and any other family of fishes. On the contrary, should it 
be possible, after these statements, to shew that there are 
important characters, common to Peti'omyzon, sharks, and 
skates, notwithstanding their extreme external differences, 
it should be acknowledged that Cycloatomata and Plagios- 
tomata are only different degrees of one and the same great 
type. Now, such characters we have ; in the first place, in 
the structure of the mouth, which differs ho widely from 
that of the other fishes, and agrees so closely in all Pla- 
coids, as Miiller himself has shewn in his Anatomy of My- 
xinoids. Next, the teeth also agree, in being arranged in 



several concentric series, and also in their microscopical 
structure, as well as in their mode of attachment to the 
skin lining the jaw, and not to the bone itself. We have 
other hints of the relation between Cyclostomes and Pla- 
giostomeB in their spiracles, and also in their numerouB 
respiratory apertures, bo that, after due consideration, I 
come to the conclusion that the Mysinoida and Petromy- 
zons, far from being the types of peculiar sub-claases, are 
simply embryonic forms of the great type to which sharks 
and skates belong, bearing to these powerful animals, in a 
physiological point of view, the same relation which exists 
between Ichthyodes and the tailless Batrachians. 

Of Cyclostoniata, two species have been mentioned as oc- 
euri'ing in the colder parts of North America, both referred 
by Dr Richardson to the genus Petromyzon proper, but of 
which I have seen no trace myself in the great lake re^on, 
though I know Petromyzons to occur below Niagara Falls. 
However, I am able to add a new species of this family to 
the fauna of those waters, which belongs to the genus Am- 
moccetes, and was found in the mud in Michipicuton River, 
at the landing-place of the factory, the first specimens of 
which were picked up by the students, when dragging their 
canoes along the shore. — Agastis on Lake Superior, p. 249. 



On Fossil Rain Drops.* 

Mr Deaor communicated Eome obser\*ationa made by Mr 
Whitney and himself in reference to the probable origin 
of the so-called fossil rain drops, which, in this country, we 
found on slabs of red sandstone, as well as Potsdown sand- 
stone. 

He said it h.id already been noticed by Mr Teschemacher 
that these so-called rain drops, when closely examined, are 
found to differ in several respects from the inipressionB made 
by the rain on a beach, where each drop produces an impres- 
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sion surrounded by a. rough creat, more or less elevated ac- 
cording to the force of the rain. The fossil impressions on 
sandstone, on tha contrary, are generally fiat and smooth. 
Besides, there is hardly a shower in which the rain drops are 
not numerous enough to cover the whole or nearly the whole 
ground, whereas the fossil impressions are generally 
scattered, and so few in number, that it seems almost im- 
possible to ascribe them to rain. 

Mr Cesor said, that whilst encamped on the border of 
Lake Superior, they had sereral opportunities of studying 
the action of the waves on the beach during a heavy surf, 
when they are driven beyond their usual range. It was 
noticed that when the waves retired from the higher part of 
the beach, where the slope was less steep, there could be seen 
several kinds of impressions in the act of forming, some large 
and flat, others small and deep flike those which on the sea 
shore are generally ascribed to worms or shrimps), and 
others likewise deep, but surrounded by a sort of annular, 
smooth rim. These different kinds of impressions are all 
produced by the same cause, operating in the same way, 
namely, air-bubbles, which are formed in the waves of the 
Burf, when rolling over the beach. If an air-bubble 
becomes buried in the sand, so that, in order to escape, 
it has to make its way through the new formed stra- 
tum of sand, it forms a deep and nan'ow hole. If the 
air, instead of escaping at once, bubbles up several times, 
then it raises around the hole a small and smooth rim, 
which may be compared to a miniature crater of a volcano. 
If, on the contrary, the air-bubble remains at the surface and 
bursts, then it causes a flat and rather large impression. 
According to Messrs Whitney and Desor, these diiFerent 
forms of impression, arising from air-bubbles, are sufficient 
to account for most impressions which have hitherto been 
considered as the effect of rain. Such impressions of air- 
bubbles are most perfect where the slope of the beach is 
very gentle. Where the slope is more or less steep, the 
sand becomes too much hardened, under the pressure of the 
waves, to allow these delicate impressions to be produced, 
A sketch was exhibited, showing those different forms of 
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impressions, and their striking contrast with impreasiuns of 
rain drops from the same beach, mouth of Carp River, Lake 
Superior. 

Mr TeBchemacher said, that he had seen fossil rain drops, 
BO called, with an elevated ridge crossing them : an appear- 
ance easily esplained by Mr Desor's hypothesis, bnt in- 
compatible with the supposition that they were caused by 
rain. 

Professor Agassis said, that on the mud-flats at Cam- 
bridge, he had noticed impressiona made in the way described 
by Mr Desor at Lake Superior. — American Journal of Science 
and Arts, vol. x., 2d Series, No. 28, p. 135.» 



On the Fossil CrocodiHa of England. 

On reviewing the information which we have derived from 
the study of the fossil remains of the proccelian CrocodiHa, 
that have been discovered in the Eocene deposits of England, 
the great degree of climatal and geographical change, which 
this part of Europe must have undergone since the period 
when every known generic form of that group of reptiles 
flourished here, must be forcibly impressed upon the mind. 

At the present day the conditions of earth, air, water, and 
warmth, which are indispensable to the existence and propa- 
gation of these moat gigantic of living Saurians, concur only 
in the tropical or warmer temperate latitudes of the globe- 
Crocodilea, Gavials, and Alligators now require, in order to 
put forth in full vigour the powers of their cold-blooded con- 
stitution, the stimulus of a large amount of solar heat, with 
ample verge of watery space for the evolutions which they 
practice in the capture and disposal of their prey. Marshes 
with lakes, extensive estuaries, large rivers, such as the 
Gambia and Niger that traverse the pestilential tracts of 
Africa, of those that inundate the country through which 
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they run, either periodically, as the Nile for example, or witli 
less regularity, like the Ganges ; or which hear a broader 
current of tepid water along boundless forests and savannahs, 
like those ploughed in ever-varying channels by the force of 
the mighty Amazon or Oronooko ; — such form the theatres 
of the destructive existence of the carniveroua and preda- 
cious Crocodilian reptiles. And what, then, must have been 
the extent and configuration of the Eocene coutinent which 
was drained by the rivers that deposited the masses of clay 
and sand, accumulated in some pai'ts of the London and 
Hampshire basins to the height of one thousand feet, and 
forming the grave-yard of countless Crocodiles andGavialsl 
Whither trended that great stream, once the haunt of Alli- 
gators and the resort of tapir-like quadrupeds, the sandy bed 
of which is now exposed on the upheaved face of Hordwell 
Cliff. 

Had any of the human kind existed and traversed the land 
where now the base of Britain rises from the ocean, he 
might have witnessed the Gavial cleaving the waters of its 
Dative river with tlie velocity of an arrow, and ever and anon 
rearing its long and slender snout above the waves, and 

'making the banks re-echo with the loud and sharp snappings 
of its formidably-armed jawa. He might have watched the 

' deadly struggle between the Crocodile and PalEeother, and have 
been himself warned by the hoarse and deep bellowings of 

'the Alligator from the dangerous vicinity of its retreat. Our 
fossil evidences supply us with ample materials for this most 
strange picture of the animal life of ancient Britain, and what 

■ adds to the singularity and interest of the restored tableau 
vivant, is the fact that it could not now be presented in any 
part of the world. The same forms of Crocodilian Reptile, It is 
true, still exist, but the habitats of the Gavial and the Alliga- 
tor are wide asunder, thousands of miles of land and ocean 
intervening: one is peculiar to the tropical rivers of con- 
tinental Asia, the other is restricted to the warmer latitudes 
of North and South America ; both forms are excluded from 
Africa, in the rivers of which continent true Crocodiles alone 
are found. Not one representative of the Crocodilian order 
naturally exists in any part of Europe ; yet every form of the 
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order once flouriehed in close proximity to each otlier in I 
a territory which now forms part of England. — Pro/eMor I 
Owen's History of BrilUh Fossil Beplilea, Part iii., p. 132, 

Oh the Incruslation ychich forms in the Boiltr» of Steam-En- ■ 
(fines, from a Letter addressed to Dr G. W1L8ON, F.B.S.K. 
By John Davy, M.D., F.R.S., Inspector-General of Army J 
HoBpitak. Communicated by the Author.* 

On entering on tliia iiiijuirj, which I did after mj return from I 
the West Indies in December 1 848, and after communicating a sbort'9 
paper to the Rojal Society " On Carbonate of Lime in Sea-watar," 1 
it appeared to me desimble t« collect as many specimens as possibls.l 
of incrustations from the boilers of steam -vessels, now so widely em- 1 
ployed in home and distant navigation. By application to companies 
and to friends in our sea-ports, as Dundee, Hull, Soullianipton, Hayle, 
Liverpool, Whitehaven, I have succeeded in procuring specimens of 
incrustation formed by deposition in voyages from port to port, in 
the British and Irish Channels and the North Sea, between Qontbr J 
ampton and Gibraltar, in the Mediterranean and the Black Sea, an<Cl 
in the Atlantic Ocean, between Liverpool and North America, and'l 
between Southampton and the West Indies. I am promised sp«:i-B 
mens from the Bed Sea and the Indian Ocean, — but tbese I havftl 
not yet received. ■ 

The character and composition of the incrustation, whetherfl 
formed from deposition from water of narrow seaa or of thfffl 
ocean, I have found very similar — with few exceptions, crystal-H 
line in structure, and, without any exception, composed chiefly of^l 
sulphate of lime ; so much so, indeed, that unless cheuiically viewed, 
the other ingredients may be held to be of little moment, rarely 
amounting to iive per cent, of the whole, from two specimens of 
incrustation from the boilers of steamers crossing the Atlantis, one 
of which you sent me, in which you had detected a notable portion 
of fluorine, judging from its.etching eff'ect on glass,— I also procured 
it, it was in combination with silica ; and procured it also so eom- 
bitK-d from two obtained from steamers navigating our own seas, one 
between Dundee and London, the other between Whitehaven and 
Liverpool. Of this I had proof, by covering with a portion of glass ' 
or platina foil a leaden vessel charged with about 200 grains of the 
incrustation mixed with sulphuric acid, and by keeping the glass cool 
by evaporation of water from its surface, and by supplying moistitre 
for the condensation of the silicated gas by a wet band round the 
mouth of the vessel. After about twenty-four hours under this pro- 
cess, a alight but distinct deposition was found to have taken place, 

■ Keud to the Hoeling of the British AaBOciation at EdJnburgli, 18fiO. 



corresponding to tho margin of the vessel, — a deposition such as that 
produced b; silicated fluoric acid gaa under the ecinie circumEtances. 
Thus it was not dissipated b; heat nor dissolved hj water, and ;et 
admitted of removal by abrasion, either entirely or in great part ; — 
the former in the instance of tbe platina foil, the latter in that of 
the glass. Besides the ingredients above meatiuued, I may add that, 
in many instances, oxide of iron, the black magnetic oiide, was found 
to form a part of this incrusting deposit, collected in one or more thin 
layers; and further, that in some, especially of steamers navigating tlie 
narrower and least clear part of the British Channel, the depositions 
presented a brownish discoloration produced by the admiKtnre of a 
small quantity of muddy sediment. Incrustation so discoloured, I 
may remark, are reported to be most difficult to detach. 

I have said that the incrustations, with few esceptions, were similar 
in their structure, and that that was crystalline ; — it was not unlike the 
fibrous variety of gypsum of tbe mineralogists.- — -The specimens re- 
ceived, as might have been expected, varied very much in thickness, 
vii.,fromonelineandleBS tohalfan inch. I have endeavoured, by a set 
of queries which I had distributed, to obtain information respecting tho 
exact time in which the incrustations were formed, and under what cir- 
cumstances; but with partial success only, owing, it may be inferred, 
to a want of exact observation. In one instance, that of the North 
American mail-ship Europa, which arrived at Liverpool on the 15th 
of November, at 4 p.m., having left Boston on the 7th of the same 
month at 9 a.m., an incrustation was found in her boiler of about 
one-fiftieth of an inch in thickness; and it is stated that an incrus- 
tation of about the same thickness was found on her outward voyage. 
This example may aid in giving some idea of the degree of rapidity 
with which the incrustation is produced, at least in the Atlantic, 
with the precaution of " blowing off" every three hours, and with the 
" brine pumps'' kept in constant work. In other seas, especially 
contiguous to shores, and more especially of shores formed by volcanic 
eruptions, it is probable, aeteris paribun, the rate of the deposition 
of the incrusting sulphate of lime will be more rapid. The results 
of the trials of several portions of sea-water taken up on the voys^e 
from the West Indies to England, noticed in the paper of mine already 
referred to, are in favour of this conclusion. 

To endeavour to prevent the deposition of the incrusting matter or 
to mitigate the evil, various methods, it would appear, have been had 
recourse to, — some of a chemical kind, as the addition of muriate of 
ammonia and sulphate of ammonia to the water in the boiler, — without 
success, as might be expected; — others, of a mechanical kind, with par- 
tial success, — as tho introduction of a certain quantity of saw -dust into 
the boiler, or tbe application of tallow, or of a mixture of tallow and 
plumbi^o to its inside, to prevent close adhesion, and the more easy 
separation of the incrusting matter either by percussion, using a 
chisel-like hammer, — or by contraction and unequal expansion, by 
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means of flame kindled witli oakum, after emptying the boiler and 
drying It. Of all ihe methods hitlierW used, that of •' blowing off," 
— that' is, the diaoliarging. bj an inferior stop-cock, a certain qnatt- ' 
tity of tlie concentrated water of the boiler by the pressure of steam, 
after the adniiaEioii above of an equivalent quantity of sea water of 
ordinary density, appears to be, from the reports made, the moot 
easy in practice, the least unBUccessful, and the most to be relied on. 
But, OS in the instance given of the North American steamer, it can 
be viewed only as a palliative. 

Considering the composition of the incruating matter and the 
properties of its principal ingredient — the sulphate of lime, n 
compound soluble in water and in sea water, and deposited only 
when the water containing it is concentrated t« a certain de- 
gree, there appeai-s to be no difficulty theoretically in naming K' 
preventive. I'he certain preventive would be the substitulion of 
distilled or rain water in the boiler for sea water. Of this we hav* 
proof in the efficacy of Hall's condenser, which returns the wKtw 
osed as steam, condensed, after having been so u^ed :■ — but, uDibr> 
tunately fur its practical success, the apparatus is described as being' 
too complicated and expensive for common adoption. Further proof 
is afforded in the fact, that the boilers of steamers navigating lakefl 
and rivers, in the waters of which there is little or no sulphate of 
lime, month after month in continued use, remain Iree fi'ora ioctUE- • 
tatton. This, I am assured, is the case with the steamers that Lave 
been plying several summers successively on the lake of Windermere. 
And it may be inferred, that, in sea-going steamers in which sea 
water is used in the boiltr, — or, indeed, any water containing sul- 
phate of lime, the prevention of deposition may be effected with oa 
less cei-tainty by keeping the water at that degree of dilution at whiiA 
the, sulphate of lime is not separated from the water in whicli diB- 
solved. From the few trials I have made, I may remark, that 
sulphate of lime appears to be hardly less soluble, if at all leBS, ia 
water saturated with common salt than in perfectly frei>h water. This- 
seems to be a fortunate circumstance in relation to the inquiry ^aa U> 
the means of prevention, and likely tosimpHI'y the problem. 

If these principles be sound, their application under different otr* 
cumstances, with knowledge and judgment on the part of the directing 
engineer,willprobably not be difficult. His great object will be in sea- ' 
going steamers to economize the escape of water iu the form of steam, 
and thereby also economize beat and fuel ; — also, when fresh water ia 
available to use it as much as possible ; and further, to avoid Qsii^. 
sea water as much as possible near coasts, and in parts of seas whan. 
sulphate of limo is most abundant. 

From the incrustation on the boilei-s q\' sea-going Bteamers, 
the attention can hardly fail to be directed to that which often 
forms, to their no small detriment, in the boilers of locomo- 
tive-railway engines, and of engines employed in luinea, and in 
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the TDultifarious works to which steiim -power is now applied. 
TlieSB incrustations will of necessity be ?ery Tariable, both 
in quantity and quality, according to the kind of ingredients held in 
Eolntion in the water used for generating the steam. Hitherto I 
have examined two specimens only of incrustation taken from the 
boilers of locomotive engines, ajid a single one only from the boiler 
of a steam-engine employed on a mine — a mine in the west of Corn- 
wall. The latter was fibrous, about half an inch thick, and consisted 
chiefly of sulphate of lime, with a little silica and peroxide of iron, 
and a trace of fluorine. The former were from one-tenth of an inch 
in thiiikness to one inch. They were laminated, of a grey colour, 
and had much the appearance of volcanic tufa ; they consisted prin- 
cipally of carbonate and sulphate of lime, witli a little magnesia, 
protoxide of iron, silica, and carbonaceous matter, the last two, the 
silica and carbonaceous matter, probably chiefly derived from the 
Bmoke of the engine and the dust in the air. From the engineer's 
report, it would appear that the thinnest — the incrustation of about 
one-tenth of an inch — had formed in about a week, during which 
time the locomotive had run about 43G miles, and consumed about 
10,900 gallons of water. 

Semarkt on a Bone Cai'e near the Mouth of the North Esk, 
By Mr Alexandkr Brtson, Communicated by the 
Author. 

This cave was discovei'ed three years ago by Mr James Walker, 
the intelligent tenant of the farm of Nether Warburton, while re- 
moving alluvia] debris from the north bank of the Noi'tb Esk. It 
ia situated within a mile of the confluence of that river with the 
German Ocean, and twelve feet above its highest spring-tides. Tlie 
rock in which it occurs, is amygdaloidal trap enclosing cavities in 
which are found decomposing zeolites. Its distance from the nearest 
part of the channel of the North Esk, is about 400 yards. The 
mouth of the cave being laid bare by Mr Walker's operations, he 
found it filled with debris, containing a vast assemblage of the bones 
of the smaller atumals (mostly rodentia.) On probing it by means 
of a long pole, it was found to extend upwards in a sloping direction 
parallel nearly with the inchnation of the bank, to a height of 15 
feet. Being desirons of investigating the interior of the cave, with 
the assit^tance of a friend we enlarged the opening to permit our ascent. 
On entering, I found the cavity presented the usual appearance of 
eaves in trap-rooks, where the exterior crust, from the shrinkage 
below, forma an arched roof. The mouth of the cave on the occasion 
of our visit, was entirely filled with soil richly stored with the bones 
of the ox, deer, badger, hare, rabbit, and other smaller rodents, also 
widj a few bones of birds. The manner in which those remains were 
deposited, left no doubt that the agents had been the waters of the 
North Esk. 
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Iminediately at the mouth or lowest part of the cave, the bone! I 
consiHtad mostly of those belonging to the larger ruminants. While 1 
at the height of three feet, the remains were those of the smaller \ 
rodents, so curiously arranged as to attract our particular notice. 1 

Although the whole mass of rich mould GUing up the mouth of I 
the cave, and extending to the height of 10 feet, teems with the rO' I 
mains of aninials, yet a certain degree of stratification obt&ins. Xfari I 
skulls of the rat and smaller rodents, are mixed meet Liberally and I 
promiscuously throughout the whole mass ; not so the scapulas and I 
the lighter bones. These are most curiously congregated in heaps, I 
BO that a spadeful could easily be obtained without the slightest ad- I 
misturo of earth, or foreign matter. I 

This fact appears easily accounted for, on the supposition that thfl I 
less specific gravity of these bones made them tlie peculiar sport of I 
the eddies of the North Esk, seeking a convenient and quiet resting ' 
place, only afforded by such a cave, where the waters could ce&se 
their troubling. 

This is rendered more probable by a perpendicular rib of the trap 
projecting before the cave on its western side, and shewing at its 
baSe evident traces of attrition. Having laboured for some hours 
in this Golgotha, searching for varieties of bone, we were rewarded by 
the discovery of an inner cave, on a level with the enti-ance of the first. 

This cave was of small dimensions, and had, before the deposition 
of the bony debris, been closed by n detached piece of rock from 
above. In this small chamber we could find no traces of bones — a 
slight unctuous slime covered its floor, stuck full of the huccinum, 
mytilus, and patella. On the walls these shells were still adherent 
to the slimy coating as if the sea had just left them in titu. 

The only indications of humanity discovered in the bony debris 
was a vertebral bone of an a-a, which bore evident traces of having 
been sawn or ground fiat ; also an amulet formed rudely frona the 
leg bone of the ox. 

When Mr Walker commenced his operations for the removal of 
the soil, he found, about six feet above the entrance, four ohain- 
plate bolts, evidently belonging to a small craft of about 100 tons ; 
lying near these he found the remains of an iron harpoon or spear, 
all sufficiently rusted to be interesting to an antiquary. 

The secondary cave discovered below the bony debris, and onlj 
containing the remains of marine moUusca, seems certainly to indi- 
cate the presence of the German Ocean, 12 feet above its present 
highest spring tide. The bony deposit would seem to indicate a 
change of the Esk's course and a considerable addition to its waters, 
as this fluviatile deposit froui the bottom of llie cave up to the last 
indication of the river's action, is nearly 10 feet above the present I 
level of the Esk. That the proof of change in the course of the Esk f 
is not entirely dependent on this necrologic deposit is proved from j 
I tile following quotation from the statistical account of Scotland. 
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" From the nature of the matBrials oompoaing its channel, at and 
near the mouth of the river, its direction is subject to many 
changes. By one of these, two farms are at present disjoined from 
the pariah (St Cyrus), of which they originally formed, and still, 
gWHKt eiinlia, form a part ; and, in the memory of not very old 
persons, the river poured its waters into the sea at a point about two 
milea eastward of its present mouth." 

These facts seem to justify the conclusion that the North Esk had, 
after the recession of the sea, occupied a much higher level than its 
present humble representative, which, in the draught of a good seed 
time, can scarce allow a poor salmon, troubled with sea-lice, to run 
beneath the magniScent bridge which spans its hanks. 

The finding of the chain-plate bolts and harpoon is a fact which 
I leave to the antiquarian's investigation ; that they indicate another 
rising of the level of the German Ocean rests entirely on the amount 
of imagination possessed by the party considering the question. 



On the Geography and Geology of (he Peninsula of Mount 
Sinai and the adjacent Countries. By John Hogg, M.A., 
F.R.S., F.L.S, ; Honorary Secretary of the Royal Geo- 
graphical Society, &c. Communicated by the Author. 

(Concl-aded /ram pa^e 52.) 

And Kixthlij, in conclusioD, I will add some genera! obaer- 
vations on the geological formations, the mineraU and ores, 
mineral springs and their temperatures, the altitudes of some 
of the higher mountains, table-lands, and plains, and other 
natural features of the Sinaic Peninsula. 

The great desert of El Tt/h is vast, desolate, arid, and 
flat in its general aspect ; but it consists in reality of several 
table-lands or plateaux of different elevations, and is often 
covered, as Captain Neivbold* deacrihes, " with drifted sands, 
beds, and mounds of gravel, of quai'tz, flint, calcareous and 
jaspideous pebbles, resting on a (secondary) limestone." This 
cretaceoug limestone ia mostly "of a chalky texture and colour. 



* S«e " Visit to MoQQt Sinni," in tlia " Madras JournBl," p. *7, vol. H, 
Madria, 184T. As th« author of that paper is the only Engliah geologist who 
has peraODilly visited, and tiien vrritlpn nn, this country, and as his eway is 
diffleoll to be met with in England, being recently publiBhed in India, I have 
given in the following pages several eitraotB from it, wherein I have at the 
■nme time nade eome slight corrections. 
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Where it is so, it generally contains imbedded nodules of ^tftf^ 
which are often black, in regular and almoat horizontal layer^l 
conforming to tho stratification. In other localities, it i#J 
usually of a cream or buff colour, and close in texture- T 
Among ita numerous fossils are found ostrete, echini, madri-f 
poraa, and pectiues. Rocksalt and gypaum occur in layers." 
The calcareous ridges of Oebel Wardan, Haniam, Araba, I 
Hemam, and some " ranges on the eastern coast, appear tff 
be spurs and outliers from El Tyh." 

" The central region around (the moniiah) Mount Sinai ] 
a magnificent outburst oi granitic and j[iorpA;^rilie rocks, which h 
uplifted and thrown into confusion a zone of hypogene rocks, ] 
(jipal)j honiblendesckist and gneiss, all peneti-ated by great d 
greenstone, which present a. singular feature in this extraordinary 
tract, passing through und over high baro mountains of red granite 
in dykes and walls. 

" Tho nearest approach of the granite to tho western coast is near 
its nurth-west angle to the south of 29° north latitude. At Tur it 
is about eight miles distant. It spreads out, breaking up the horn- 
blendachist to the eastern coast, where it forms a range from 800 
feet to 2000 feet above the sea. Emerging on the north from the 
sandy plain of Dubbet-el-Itanileh, it disappears to the south under 
(the sandstone and) the tertiary I'oabiliferous limestone of Ras 
Mohammed. 

" Sandstone is seen resting on the boi-ders of the granitic and 
hypogene areas, and sometimes entangled in them, the limits of 
which it is difficult to dc6ne. On the north, it appears to hi! 
bounded by the limestona of El Tyh, and is visible near the c 
of the Red Sea, in tho vicinity of Bnrdes, a little south of the Ume^ H 
stone of GeLel Hamam, and forma the cliffs of Wadi Mukalteb, H *' 
Naszb, Barbut-el-Chadem, and the Mountain of ' the Bell' El Narkusi 
south of which It disappears under the (secondarvj limestone of 
Gobi'l Homani and El Kaa, near Tur." 

Again, further south, it is found boi-dering on the granititfj 
formation, as well on the western as on the eastern Bides t 
the extremity of tiie Gebel-el-Turfa. 

" Near tho east coast it caps the hornblende rotk at Ograt-cl-' 
Faras (Hilluck of the Horse), and thence to Wadi Slun-ab and £L| 
Hfldhera. It caps the granite of Gebel Samghy (Gummy), 
northerly it is seen occasloually resting on tlie granitic rocks, as t 
Wadi Mezarik and Wadi-el-Musry, near the head of the ." 
Gulf In lithologic character it varies from & compact reddish qucu 
s at the western mountain, near Gebel Homani beyond Tui 
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a. uihiCuh prit a,s at Gebel Narkus, and to variegated sandstones, 
atWadi Murrah." 

" The extensive aandy tracts and dunes in the interior, which 

lually mark the vicinity of this furmation, are the result of the 

weathering of the less consolidated beds of this rock." But " the 

drifts of fine blown sand, which are so remarkable on the sides of 

ranges that skirt the Red Sea, have evidently been" carried 

thither by the winds from the sandy beach. 

w maritime plains are usually covered with sand, and 
sometimes with gravel, which, as on the plain of El Kaa, has been 
transported a considerable distance from the granitic rocks in the 
interior. This gravel it is eaoy to account for in the beds of the 
Wadis, by the action of the mountain torrents which come down 
«ocaeionally with great violence during the rains ; but a considerable 
portion of it is now far remote from their present action. It is, 
liowever, in greatest abundance near the mouths of the Wadis, which 
have in many case« cut their channels through beds of it of consi- 
derable thickness, and which, on the eastern coast, as Professor 
Hobinson informs us, reach from the base of the mountains to the 
aometimes in beds many feet thick." Captain Newbold " exa- 
mined the beds at the mouth of Wadi Hebron where it opens into 
the plain of E! Kaa, under the iniprebsion that they might be ancient 
moraines, hut found the pebbles rounded, of moderate size, or smaller, 
'Sgulsrly inter- stratified with layers of sand, and no signs of glacial 
lOtion on the rocks." 

" Underneath the sand, especially near the head of the Gulf of 
iuez, and in many places rising in small hillocks above it, are seen 
|etrata of tertiarg limestone and marl, consisting of) thin beds of 
V geeij and greenish clay, sand, and marl, often laminated, imbed- 
ding layers of lamellar crystallized gypsum, roeksait, and sometimes 
existing sea-shells, also little mounds abounding in slightly-wom 
fragments of Egyptian pebble, jaspers, and hard calcareous stones, 
light coloured interiorly, but of a dark-brown exterior, evidently 
stained with oxide of iron." 

Of course, " the water of the wells rising in these sali/erou's 
beds is usually brackish. Kaiaed beaches of reccut coral, a 
few feet high, occur" in many places along both gulfs. 

Volcanic rocks are related by Burckhardt to be situate 
near Sherm, to the north-east of Ras Mohammed, and are 
described " as black and red rooks, foi-ming crater-like con- 
figurations." He likewise mentions black basaltic cliffs and 
creeks on the same coast, west of the isle of Kureiyeh, and 
low hills of basaltic tufa, near the junction of Wadi Firan 
with Wadi Mukatteb. 

VOL. XMS. NO. Xl'VlII.— llfTOBEK 1850. U 
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On the relative agex of the rocks of the Sinaic PeninBula, 
Captain Newbold remarks, — 

" It is CTident that the granite must be of more recent 
than the hypogene schints, the strata of which he observed 
the Titinity of (the piosent) Mount Sinai, to have undergona 
great disturbance, tlirovrn on their edges, and uttered by it. The 
porphyries are more recent than the granite which they pene- 
trate, and the greenstone penetrates both the porphyries and the 
granite. Next in order of Euperposition to the hypogene edit 
conies the (older) sandstone (of the secondarg series) which rests 
them in slightly inclined and unconformable strata ; it marks the era' 
of a BubfiequeDt period of disturbance, but less riuk-nt, and wa» de- 
posited while the granite peaks either formed inequalities in the 
ocean's bed, or appeared as small island points just above its surface, 
with which it rose to the heights we now see it." 

" The (^seaondary) limestone, from its usually undisturbed hori- 
zontal stratification, appears to have been elevated slowly, without 
any violent paroxysms of plotonic or volcanic energy, Uke the more 
recent formations. Its fossils have not been yet scientifically de- 
scribed, but in general character tliey reHemblo those of the Egyptian 
(seeondari/) limestones. The mineral character of the rock, too, is 

In the (older or secirndart/) sanilslone the same author says, 
he " could discover no foasils to afford any indication of its 
fljf .*' This sandstone is what Herr Russegger names " Sini 
eandatein" with its different marls, and he considers it 
pertain to the lower cretaceous series (Untere ICreide-Keihe) 
but I think it likely, on a further examination, some of 
may prove to be of a more ancient period, perhaps of 
palaeozoic epoch, like the old red sandstone formation. Indei 
the sandstone from Wadi Mukatteb is described by M. 
Roziere (" Descrip. de I'Egvpte") as being " Psammite" frei 
stone, consisting of quartz grains mixed with mica. So also^ 
with regard to the " Kalkstein," or limestone, which Russeg- 
ger refers to the " Kreide-Reihe," or cretaceous strata, it is 
not improbable that some may he discovered, from a future 
investigation of Ms fossils, to belong to the Oolitic, or an older 
series. This last geologist* mentions some of the specimens 
of this limestone from Gcbel Kamam, as compact chalk with 




Geology ef Mount Sinai and adjacent Countries. 259 

remains of monocotyledonous plants ; and other specimens, 
aa compact chalk, from Gebel-el-Tyh, with/wrt and fossils. 
But in part of the mountains about Wadi Naszb some of the 
hills " are surmounted by beds of ancient transition limestone. 
The most remarkable of these is of a fine lilac colour, very 
compact, of great hardness, and a crystalline texture."* 

Many of " the gravel beds, and those reaultinf; from the 
deuay of the gi-anite and bypogene rocks (already mentioned), 
are often cemented and consolidated by the water of springs 
charged with carbonate of lime., assisted by the oxidation of a 
portion of the iron contained in the rock itself."t They thus 
frequently present a sort, of breccia, pudding-stone, or conglo- 
merate of great compactness and beauty. 

In some places " large dykes of greenstone can be traced 
for miles over tbegranitic rocks ;" and, in others, they " rarely 
overlap the granite and hypogene schist which they penetrate, 
but seem to liave existed in a solidified state in them at the 
time they were broken up. Faults of considerable extent 
may be thus traced even in the granite itself." And Dr Ro- 
binson says of these dykes, sometimes perpendicular veins of 
grUnslein (greenstone) or porphyry were visible in Wadi 
Berah, projecting above tlie granite, and running through the 
rocks in a straight line over mountains and valleys for miles, 
and presenting the appearance of low malls. Burekhardt like- 
wise noticed the same in AV. Genne, near that Wadi, and in 
Wadi-el-Sal. 

" The strike of the hypogene strata is nearly parallel with the 
northerly direction of the peninsula. The dip is nearly vertical, and 
towards the east, and the general direction (of the strata or rather 
lamiTUE) of these kypogena schists, forming the lower ranges around 
(the present) Mount Sinai, li nearly north and south, but great dis- 
order is visible both in the dip and stratification. The schists are 
often seen on their edges."J 

Next, as to the ores, minerals, and mineralogical characters 
of the principal rocks. 

Captain Newhold writes (p. 51): — "The great scantiness 

* Pliyeical Geography of the Holy I-and, by J. Kum. D.D.. p. 81. Landnn. 
18*8. 

t Kcwboid, in Madras Journal, vol. xlv., p. 5C. 
I rbid.. p. 60 and p. B9. 
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of mi'Inllk ores and inintn-ah, not only in t.lie peninsula ' 
Mount Sinai, but in Efjypt nnd Arabia, is a. remarkable fea-j 
ture." Iron ore is met with, although not abundantly. Rua- 
segger speaks of brown ironstone (Brauneisenglein mit Pailo-j 
melanj as occurring in maaseB in the Sitini aandttone in Wadi' 
Naszb : tliere also vestiges of copper mines exist, and like-, 
wise in Wadi Maghara, and near Sarbut-el-Chodi 
according to Dr Lepsius {p. 16), the temple dedicated to ths, 
goddess Hatkor, mistresB of Mafkal, i. e., " the Copper Land,' 
stands amongst great mounds of ore. He describes " a mas 
sive crust of iroti ore, six or eight feet thick, and surrouni 
on all sides by blocks of aeori<s ; the appearance of which, 
burnt as they are to the colour of a cinder, contrasts them, 
very prominently with the adjacent Hght-brown sandstone 
hillocks." Turquoise is reported to be found among the ml 
bish at Sarbut-el-Chadem ; but Captain Newbold conjecturea,' 
that it is rather malachite ; because, he says, the true 
quohe or calaite rarely, if ever, occurs in aandntone. 

Near Wadi-el-Naazb, the mineral called by the Arahet 
Kohal or Kohol, a species of antimony, occurs ; a preparatioa 
of this is much used by the women in the East to darken 
the tips of their eyelids. Burckhardt has stated that native 
Cinnabar (sulphuret of mercury) is collected in Gebel Shet/geTi 
to the north-east of Wadi-el-Ush ; it is named by the Arabs 
Hatokht, but is rarely crystallized, and its fracture is in per- 
pendicular fibres. 

Silver does not appear to have been discovered in this pen- 
insula, nor, indeed, lead, except from uncertain report. He' 
Kitto (p. 103), however, writes, " lead is said to exist at 
place called Sheff, near Mount Sinai." 

The presence of ffold is, perhaps, doubtful ; yet, in the 
neighbourhood of Mersa Dahab, " Port of Gold," on the ea&t 
coast, according to Lieutenant Wellated,* the aanrf contains 
"yellow, shining, micaceous particles, exactly resembling 
that precious metal." 13ut, whether this substance be merely 
pyritc* or grains o\' gold, future examinations of that locality 
must determine. To the west and north-west, in Wadi-el 
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Sal, eruptive and crystalline I'ocks abound ; corittequently 
their detrilua waahed down that valley by heavy raina might 
convey small quantities of gold, which may possibly be de- 
tected in the gravel or saud, near the mouth of Wadi Sal, 
behind Dahab. 

ffoEmalite, or red iron ore, has been met with in round 
masses in the Sinaic district. Large and beautiful crystals 
oiguartz, or rock crystals, occur in the mountains not far from 
the present Convent. In Wa<ii Sheikh, Burckhordt describes 
a, range of low hills of a mineral called Ta/al, principally 
composed of felspar from granile, and resembling pipe-clay : 
It is brittle, and leaves a yellow colour on the fingers. The 
Arabs use it for soap, and for taking stains out of cloth. He 
also observed another range of Tafal hills, after the defile 
(at El Bueb) towards the west, in Wadi Firan. 

'Rock-salt is very abundant in many places; this, together 
with sulphur, prevents many uf the springs from being of use 
to the traveller. 

Gypsum ig also frer^uent, as weW as aelemte or crystallized 
sulplmte of lime, in certain argtUaceons beds along the west 
«oaSt. 

Carbonate of soda, commonly called Natron, " may be found 
-at Tur, and in the vicinity of Sherm ; but we do not find it 
accumulated in any considerable quantities, only some efBor- 
■escences yf it in places where the calcareous soil has been 
■impregnated with marine salt."* 

Saltpetre or nilre is seen incrusted on the surface of the 
earth, " in a valley between Mount Sinai and Suez,"t and in 
some spots in Wadi Araba. 

Besides rock crystals already mentioned, Burckhardt de- 
•acribes the occurrence of white and rose-coloured yaarle : a 
species of amethyst is said, by Pliny, to have been " found 
southward in Paran, whence it took the name of Paramte.""^ 

Jaspers and Egyptian pebbles occur in the gravel of the 
■desert El Tyh, and near the extremity of the Gulf of Suez. 



■* EiUi't PhjB. Ueog. of tbe Halj Land, p. 103. 
t FhUliyt-' Minerulogy, p. 189. 
1 i'iltu, II. Hi. 
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But the extensive and narrow plain £1 Kaa, in particalarfl 
between Tur and Wadi Hebron, is, according to Captain J 
Newbold (p. 55) 1— I 

" Covered with sand generaMy of a coaree quartsoxe nature, often ■ 
strewn with a, gravel composed of fragnieuCa of the granitic and bypo-fl 
gene rocks, both angular and rounded, from the size of a pea to that I 
of an orange ; tlie pebbles are prinuipaily of reddish gnmite, porpty-rS 
ritic and close-gi'Oiined homblsKde nchists, greenstone, coinpact/f^iar, ■ 
coloured green with ariynoUte, — nctynotite with qvartz &aA. feUpat^ 
in drusy crystals, — and •porjihyry of varioUH descriptions, indudii^a 
melaplii/re. The most prevalent variety is like that of Egypt, bemfga 
eouposedof a brownish felspathic paste imbedding /ei^^r crystaUo^ 
a ligbt reddish- brown, white, and of a pink hue ; alsD a black a«jjifi<M 
paste imbedding crystals of red, white, or pale green /eisyar." ■ 

" The rocks in Wodi Hebron are of a granitoidal gnfisi in nearly! 
vertical strata (or lamince) penetrated by granites, dykes of jreen- 1 
«(owe, and porphyry." I 

At the east end of "Wadi Firan, near Wadi Selaf, •' th6 
rocks are principally of hvpogene schist, gneiax, mica, felspa- 
thic acti/nolice, chlorite, and hornblende schist." Whilst those ■ 
" from Natb Hawi to (the modern) Mount Horeb are chieflrv 
Sraniie, porphyritic granite, brown porphyry, in veins or dykefffl 
in granite, and hornblende rock. Al! these rocks are pene^ 
trated by enormous djkes o^ greeiutone ; near which veins of 
compact greenish felspar and turtle are not uncommon in the 
granite ; alao pegjiinUlic veins, and veins of felspar coloured 
green by actyjioliie." 

"The red granite (of the high Sinaic group) is often por- 
phyritic," and " penetrated by dykes of brown and black por- 
phyry."* 

But M. de Roziere and others of the French Scientific Ex- 
pedition to Egypt have given llie term of '* Sinaite" to t}iat 
species of granite, — composed chiefly of felgpar in confused 
laminEE, and of much hornblende (amphibole) without quartz 
or mica, — forming the principal rock of the higher Sinaic i 
district. 

Captain Newbold further eays, " the i-ock composing Gebe! J 
Mineggia is principally of a chloride hornMende and a white | 



• Newbold, m loc. 
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fehpar, spotted green witli liornWende. Some variGties 
would pass for diallage in hand specimens, though the rock 
has an obscurely stratified structure. Its weathered exterior 
has a dark rusty cglour." 

Burckhardt observes the porphyry of the Sinai district ia 
usually red ; in some specimens It has the appearance of red 
felspar. In others are imbedded small crystals of hornblende, 
or of mica, and thin pieces of qtiartz. But, at the spring 
Tabakat, near Gebel-um-Schomar, he discovered a beautiful 
porphyry having large slabs Qi felspar, traversed by veins of 
white and rose quartz. The same traveller describes the 
white granite of the summit of that lofty mountain, as appear- 
ing at a distjince like chalk ; this he accounts for from » 
great quantity of while feltpar in it, and from the smallnesa 
of the particles of hornblende and mica. He odds, the quartz 
also in it is of a brilliant wkilenesj. 

The following particulars relative to some other varietiei 
of rocks, are collected from Dr Kitto's work.* 

A specimen from the Sinaic peninsula, figured in a plate of 
the "Description de I'Egypte," is named by M. de Rozi^re, 
talcoge quartz ; it is said to form extensive beds towards the 
middle of the route which leads from Gebel Mouaa to Raa 
Mohammed. This quartz offers certain sliglit lamellar ap- 
pearances, and in some of the varieties felspar is associated 
with it. The rocks wherein the quartz most prevails, " divide 
themselves into cruciform fragments, the greenish surfaces 
of which clouded with red and yellow, are ornamented with 
beautiful, dark, and thickly tufted dendriles." 

The summit of Gebel Katlierin, composed of a variety of 
Sina'ite, differs by its clear colour and neat crystallization 
from the coarser porphyritic and Sinaitic rocks that consti- 
tute the chief part of that mountain. The crystallization of 
the feltpar in the Si?idile of tlie adjoining top of Gebel Mousa 
is more confused, the crystals of hornblende are leas, and 
those of qnartt are more numerous, but also smaller than in 
the other ; mica is absent in both of these. 
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Seven or eight miles to the north of thia last Ertountain, ex- 
tensive banks of a black small grained diabase, much charged 
with hornblende, called melapht/re, occur. Strewn with cryatala 
of grey /e^K/iar of various sizes, it contains small irregular 
masses of pyr ties. Beds of melaph^re are also found in a 
mountain hetween Wadis Firan and Naazb; and among the 
primitive mountains near Wadi Naszh, thick and horizontal 
beds of a beautiful violet Sinaile are seen, resting on banks 
of porphyry. 

The highly polished surface which the Sinaite often pre- 
sents, " has been attributed to the action of minute partidea 
of quartz, and moved over it by the winds during a long suc- 
cession of ages. The alleged cause is certainly in operation, 
and is known to be adequate to produce the observed eflect." 

The hage ffranilic masses that appear isolated in the Wadis 
of the high Sinaic district, are considered to be of a different 
kind from any of the beds in the adjacent mountains. They 
consist almost entirely of /e/«/)nr, in "distinct red crystals, 
intermixed with large crystals of quartz," with very slight 
micaceous \aji\m^. Of these detached masses, that related 
by the monks as " the rock in Horeb" which Moses smote, 
remarkable. A little mica, associated with quartz and much 
/ei»par,plaees this mass amongst the true gramtes. Epidote 
constitutes a portion of many of the rocks of the peninsula, 
and is occasionally joined to a white felspar, having sli^t 
streaks of red. So combined, it is not unfreqnently seen is 
the southern El Turfa range. 

I may here refer the reader to several beautifully executed 
plates of difTerent rocks from Arabic Pelree, published under 
Napoleon's auspices, in the magnificent work of the French 
Scientific Commission, entitled " Description de I'Egypte," 
(Seeonde Edition), Histoire Naturelle- Tome 2. Bis. Faria, 
1826. PI. X2, figs. 1-9, represent well-engraved specimens 
of " Eoches Por/)A^riMiyMe»," from Wadi Firan, and Gebel 
Horeb. PI. 13 gives examples of " Porphyres, SinHiteSy Grig^ 
&c., from Wadi Naszb, Mukatteb, and Gehel Mousa. PI. 14, 
granites from Gehel Mocaa and Gebel Horeb ; and PI. 15, 
different primitive rocks from the coasts of the ^lonttifi 
r,jaa8tern Gulf. 



( 
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IJesci-iptiuns of these engraved specimens will be found in 
the letter-presB accompanying the plates. 

-Dp Kitto moreover writes (p. 99) : — 

" In the deserts bordering on the Isthmus of Suez, and particularly 
in those parts where the hills are of friable strata, the soil is princi- 
pally of a jitiirijosfl gravel, produced by their detrition. In this 
gravelly soil, which envelopes the foot of the mountains, are found 
many fragments, and even entire trunks, of pHrified trees, of up- 
wards of ten or twelve feet in length. It is reailily perceived that 
these trees belong to different speciea ; but the palm-tree and the 
aei/al, or desert aeaeia, alone can be identified ; all the others offer- 
ing, in their petrified state, characteristics too equivocal to allow 
their species to he determined. The perfect preservation and the 
size of the petrified trunks, thus found enveloped in the sands, not 
embedded in, or forming part of any rocks, as well as various other 
oireum stances enumerated by M. de Roziere, appear very clearly to 
iatimate that they were not brought from any distance, but that they 
pre-existed in those spota." 

The chief and most considerable mineral springs (as pre- 
Tiously noticed), are found at Gebel Hamam, and near the 
town of Tur ; they are thermal, or naturally warm, in both 
situntions. 

Rusaegger describes the former, or Pharaoh's BatAs. — El 
Hamam Faroun, — " as breaking out from the strata of lower 
chalk, nearly on the sea level at the foot of the mountain. 
The largest was bb°-T Beaum. (about 156° Fahr.), whilst 
the temperature of the air was 26''-3' R. (near 91° F.) The 
water deposits much common sail with gulphur. The latter 
is sublimated on the sides of several caverns adjacent to the 
springs wherein the hot vapours ascend."* Wellsted learnt 
from his guides, " that jjilgrims affected with leprosy, and 
other cutaneous disorders, sometimes use them ; and, not- 
withstanding the heat of the water is so great that the hand 
can with difficulty be borne iu it, these patients are said to 
bear immersion for several hours."! 

The latter springs, called by some Hamam Mousa, Moses' 
Baths — are situated in El Wadi, about two miles to the north- 
west of Tur, but on the east side of the plantation of date 
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trees, and under their shade. The laBt author observeSr^ 
(ibid. p. 14), " the water is beautifully clear, but it has i 
alight sulphureous smell, with a strong sai'me and bitter taste. I 
On immerainjif a Fahrenheit's thermometer, it rose to 1 
But Captain Newbold says (p. 71), he found the temperature 1 
of this well, "90°'5', at the surface, and OT'C, where thftj 
water bubbles up from the limestone — (temperature of air I 
in shade = 84"). A. few gaseous bubbles escape from the I 
bottom, which have but a very slight odour of sulphuretted I 
hydrogen, yet the water has very little galine taste." 

Again, he continues, — " the temperature of two wells wbicli I 
lie on the other aide of the town, viz., — Bir Eshesh, and Sir I 
Mussact, did not quite reach 80°." 

Other mineral springs have been noticed in Wadi Araba» I 
which appear to contain sail and sulphur, but their waters, aa \ 
far aa I can ascertain, have never been analysed. 

Whilst the wells in a great part of the peninsula afford 
extremely bad water, being so frequently impregnated with 
common sail : those, according to the testimony of Captaio: J 
Newbold, "which rise in the jraniVe regions, arc usually pur« 
and good. The water of the Mount Sinai district is de- 
lieiously cool and refreshing ;" it is, moreover, very abundi 
throughout the entire year. 

The following are the heights of some of the prinoipall 
mountains, table-lands, plains, and valleys, or IFat/is, chiefly 1 
taken from Russegger's work : — 



Gebel Jaraf in north of the desert El Tj-h, 

Level of Wadi Kliereir on south side of tbo preceding 

Gabel Ealirini, ...... 

W. el Agaba, at Bouth-west foot of do., 

Btation of Nakhl about half-wa; acrues the desert Kl Tjb on tbe 

pilgrim route, ..... 

W. Woalechan, about 10 mUes SSW. of Naihl, 
EleTation of the plain east of G. Heiyalah, and at nearlj half of 

the distance between Nakhl and G. el Egmeh, 
Eegimm, situate 15-20 milea north-west of the Pass of Mureikhi, 
El Tjh summit nearly adjoining to Gebe!-el-Egmeh, 
Convent on the present Mount Sinai, 
Qebel Mousa, ...... 

Gebel Katberin, ..... 

Gebel Maarud, ...... 

_Q, um Schomar, 



1300 
1060 
1700 
1261 
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HigbeBt peats south of last mountain, . . . 9300 

G. am Khesin, in El Turfa ebain, . . fiOOO 

Geljel Serbal, ...... 6759 

Plateau of Debbet-el-Raraleh. north of Sarbut-el-Chadem, _ 1606 
Same Plateau at Alahadar, about lialf-waj across, at its south e»- 

tremity, and about 5 miles north of W. el Shoikh, 4042 

Wadi Barak, ...... 3036 

Muuntaina just south of Sarbut-el-Chadem, , 4800 

Ist Plateau north of G. el Egmeh, . . 2010 

2nd Do. north-east of tho former, , 2250 

3rd Do, eait of do., and somewhat south of Bir-cl-Themed, 2550 

Gebel Harun (Mount Hor), .... 5300 

The annexed altitudea I have inserted from Riippell (K.}, 
Schubert (S.), and Wellsted (W.) The measurements of the 
first and third travellers, are respectively founded upon cor- 
rRSponding observations made on the sea-coast at Tur on the 
Gulf of Suez, and upon some taken on the coast of the Gulf 
of Akaba. 



Second peak from west of Mount Serbal, from (R. 

Highest summit of O. Egmeh, from (8.), 

Extreme top of O. Hamam, from (S.), . 

Gebel Moosa, according to {'&.], . 

G. Katherin summit, or G. Horeb of (E.), 

Convent of El Arbain, from (R.], about . 

Q. Mousa, above the last, from (R.), 

G, KatJieriii, above do., from (R.), 

0. MoiiBS, according to (S.), 

The same above the present Convent, from (S.), 

Same above do., according to Runaegger, . 

Convent on present Mount Sinai, from (S.), 

The rame according to Rus»egger, 

Same from (R.), about, . 



6342 
5000 
1000 
7035 
S063 
5365 
1670 
2700 
6796 
2071 
1962 
4725 
5115 



Same fhim (W.), — (mean of two observations), . . 5005 

Bnmmit of O. Mousa from mean of ( W.)'6 obiervations, . 7505 

Some above the present convent, according to (W.), at tho most, 2300 

These elevations are principally derived from Dr Robinson. 

The range of Mouul Seir above the Wadi-el-Araba, 2000 to 2500 

The mountains on west of the Araba above that Wadi, 1500 or 1800 
Wadi Mousa {Pitra) above the same Wadi, near . 2200 

North-east peai {the hightH) of G. Harun above W. Mousa, about 2700 
The Nabathffian Chain on east, above W. el Araba, about 3000 

G. Araif-oi-Naka cone above El Tyh desert, . 600 
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The general /ofm of tlie Feiiinsula of Mouut Sinai, HtricitjnH 
80 called, is that of a scalene or inequilateral triangle ; but ifl 
we include that space of Arabia Petpiea aa given in onr aio-fl 
companying map, it may be defineil as a Trapezium ptae^m 
upon a scalene triangle. Two arms of the ReJ Sea (S'inwcA 
Arabicus), named in Hebrew " Yam Suph," bound two aidesi 
of this peninsula : ^e^ first, or Gulf of Suez, the ancient •S^tnttf.l 
Seroopoliteg, and the modern Bahr-el-Koizum of the Arabs i&l 
much the longest, being nearly 200 English miles in lengthy I 
whilst its breadth varies a good deal : this, from the coast ofti 
Egypt to Birket Faroun, exceeds thirty mitt;s ; but, as aifcl 
average, it may be considered as about twenty miles. I 

The length of the second arm, called the Gulf of Akab%fl 
formerly Sinus jElanites, and at this day by the Arabiaatl 
Bah r- el- At aba, is about 118 English miles, computing it from ■ 
the supposed site of Aila, or ^lana, at its north-east extre^l 
mity to the southern side of the Isle of Tiran ; and its ave^ I 
rage breadth may be taken at about twelve miles. M 

The most important features of the Sinaic peninsula m^ ^ 
be divided into two : the enormous desert of El Tyh on the 
norUi, which occupies its greatest portion, and the southern 
or alpine region of lofty mountains. These have been already 
shortly described ; but I may, however, observe in general 
terms, that the former is a vast central plateau, or elevated 
table-land, descending rapidly from the chain called Gebel-el- 
Tyh, which bounds it on the south, towards the north. Two 
or tbree smaller plateaux that slope to the north-east, extend 
irom the Gebel-el-Egmeh. Immediately south of the El Tyh 
mountains, the sandy plain or table-land of El Ramleh de- 
scends to about 3000 or 4000 feet ; and thence commences 
the secmif/ great feature of the peninsula, in that magnifieent 
group of the modem Sinaic mountains, consisting of n^ed, 
sharp, and numberless peaks of schist, granite, and porphyry, 
and their varieties, the highest of which rise to an altitude . 
of above 9000 English feet above the sea-level. This alpine J 
group, known to the Arabs under the appellation of GeOet-ei- 
Tur, — " Mountains of Tur," — slopes down and termiuateB in 
the southern extremity by the granite chain Gebel-el-Turfa. 

Messrs Burckhardt and Robinson mention the following 



peculiar conformation of the lower mountain ranges ; — an 
aacending valley, or wadi, peaches to the very sutninit, where it 
forniB a plain, and tlien another wadi descends upon the other 
side. Such ialikewisethe present general feature of the exten- 
sive Wadi-el-Araha. And Captain ^Newbold observes (p. 47) 
that " the longitiidinal and transverse valleys by which the 
southern or mountain region is strangely fissured, form the 
natural routes and lines of di'ainage — the wai/wof the Arabs." 
Through these valleys no continually flowing rivers descend 
to either gulf; but in the rainy season, after occasional 
storms, and during the melting of the snows on the more 
lofty mountains, winter- streams, or rather torrents, — the 
yriifut^^ of the ancients — carj'y down their temporary waters 
to the sea. Still it appears to me, from the descriptions of 
some travellers, that four or five small rivulets in some of the 
valleys, as in Wadi Firan, W. Hebron, El Wadi, W. Kyd, 
El Ain, &c., continue to flow through the greatest part, if 
not the entirety, of the year. 

The Gulf of Akaba has been compared to a very long 
ravine or lake ; and as its shores are mostly skirted by pre- 
cipitous and lofty mountains, the navigation throughout its 
length is exceedingly dangerous for small vessels, because 
squalls and violent north winds so frequently arise and pre- 
vail for some time. Indeed, from Wellsted's account, the 
surveying ship Palinurus was in great danger of being 
wrecked in it. Having already described this gulf, I will 
only observe that the same intelligent officer did not consider 
liiat it would prove too boisterous for steam-veaseh, if it ever 
became necessary to establish communication by them to 
these coasts of Arabia. And I will here omit any delinea- 
tion of the other wider and more extensive, but less hemmed 
in by mountains, and con.tequently less dangerous branch of 
the Red Sea — the Gulf of Suez, because it is now so well 
known by reason of such numbers of English annually pass- 
ing over its waters, either in going to or returning from our 
Indian empire. The north wind also prevails in this gulf, 
and the trees and bushes along the coasts of it, especially on 
the Egyptian side, bend from it and extend their branches in 
the opposite direction. 
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Having before noticed the probable passage of the river 1 
Jordan through the Wadi-el-Araba, and ita flowing into the I 
Red Sea bevond the Strait of Tiran at a former but remote I 
period, as well as some of the i>hy3ical causes which very i 
possibly put a stop to ita further conflux, and latt«rly con- I 
fined it to the present limits of the Bead Sea, 1 will now I 
alone mention the following fact, as an additional proof that I 
the Dead Sea may once have formed either a roadnttatum c£ I 
the jElanitic Gulf, or that it may have been directly connected I 
with the same, by the Jordan having poured its waters into J 
it, at an antecedent date. I 

Baron A. von Humboldt writ«B, in his " Views of Na- I 
ture,"* — I 

" In opposition to the hitherto gen orally-adopted opiniun respecting 
the ubseneo uf all organisms and living creatures iu the Dead Sea, it 
is worthy of notice that my friend and fellow -labourer, M. Valea- 
oienneB, has received, through the Marquia Charles de I'Escalopier, 
and the French consul Botta, beautiful specimens of Forites elougata 
(of Laniarck't) from the Dead Sea, which is supersaturated with sail. 
This fact is the more interesting, because this species is not found in 
the Mediterranean, but only in the Red Sta, whiuh, according to 
Talencienues, has but fow organisms in uouinton with the Mediter- 

Of the natural phenomena connected with Meteorology, two 
or three deserve t« bo enumerated. 

Theirs/ is, the great purity or charness of the atmosphere, 
eo much BO, that Welleted X speaks of the outlines of the hills 
■a Egypt, distant 105 miles from his anchorage, a few miles 
£rom Ras Furtali on the west coast of Arabia, appearing " as 
clearly defined as if they had been but ten." See also bis 
accounts of a glimpse of Momcilih high peak (p. 74), when at 
a vast distance from it in tbe Peninsula of Sinai ; and (p. 97) 
of the hills and mountains, both in Arabia and Egypt, being 
visible from the summit of Gebel Mousa. I ought, however, to 
observe, these appearances of the atmosphere, all occurred in 
the Tcinler, and in the same month, January ; and that they 
cannot be expected to present themaelves with the like distiact- 
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nesa during the other seasons of the year, since the sun would 
then generally produce, fi-om its intense heat, much mist and 
haze. Indeed Wellsted states (p. 179), " This extraordinary 
clearness, or purity of the atmosphere, is mostly observed in 
December, January, and February ; and during this period, 
the outline of any object on the horizon, however distant or 
small, may be seen with the utmost distinctness ; the brUtiancy 
of the nights is also very great," and affords to the sailor 
fiwnlities for navigating the gulfs. 

The second, or the Mirage, is Tery common ; and its vari- 
ous appeai-ances are occasioned by the refraction of light 
through the lower strata of air of different density, caused 
most frequently, in the arid desert, by heat. This illusion, 
as is well known, presents to the traveller a phantom tract 
of water, or a lake, often with an undulating surface, and is 
called by the Arabs Serah, which word is of great antiquity, 
for it occurs in Hebrew in Isaiah xxxv. 7, and is incorrectly 
translated in our Bible, " the parched gi'ound," instead of 
" the Mirage," or " mock water."* 

Of the other phenomena I need only mention the Simoom, 
OP hot wind of the desert, which brings with it a quantity of 
fine sand, and penetrates through everything ; the air being 
very hot, and perhaps laden with excess of electricity, every 
animal is severely affected by parched mouth, difficulty of 
breathing, fever, and other distressing symptoms. Rounded 
or twisted columns of sand, whirlwinds, and showers of dust 
or minute sand, carried on with the force of a hurricane, 
sometimes produce vast destruction to man and beasf. Allu- 
sion is made to the sand-stor/n in Deuteronomy xxviii. 24, — 
" The Lord shall make the rain of thy land powder and dust : 
from heaven shall it come down upon thee, until thou be de- 
ntroyed," So Lucan| : — 

" At, non imbriferam cum torto pulvere nubem 
la fiesimi vialentas agit, pars plnrima teirse 
Tullltiu, et nmcquam resolata Tertice peQdet." 



* Confer Diador. Sic, Lit, iii., p. 219.— IFMwt 
t Fharsal. Lib. xi., v. 4S3-T. And eee the foUowiit 
and excellent discriptioji or h land-ilorai in the Libyan 
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" The whirling dust, like wares in eddici brought, 
Rising aliift, to the raid heaven ie uaoght ; 
There hanga a sullen cloud ; our falls again. 
Nor breaks, like gentle vapours, inUi rain."" 

In tliis country little rain falls during tLe year; and for 
nine months, generally, none at all. 

At the Convent in Wadi Shueib, on the base of Gebel Monsa, 
" The thermometer may be 75', while in the low country, 
and particularly near the sea-shore, it will be at from 102° 
to 105°, or even 110°. In winter, all the upper Sinai is deeply 
covered with snow, which chokes up many of the passes, and 
often renders the mountains of Moses and St Catherine in' 
accessible. Upon the whole, the climate is so different from 
that of Egypt, that fruits are nearly two months later in 
ripening there than at Cairo. "'t 

The vegetable productions of the Peninsula, whether mild 
or cultivated, are but few : of the former are tlie Twrfa, or 
manna — bearing tamarisk, Tamarix gallica, var. mannifera; 
the gum or manna of which is named men, or man. Gam 
Arabic, called formerly Gumma Toms, the product of several 
Acacias, but chiefly of A. Nilotica, the Talk, and A. SeyiJ. 
Peganum retusum, or Gharkad, whose berries ore grateful. 
Coloquintida, Handhal in Arabic, Cucnmia Colocynthis. 
Nabek or Nafik, the fruit of Ehamnns, or Zizyphus, Lotus. 
A few trees here and there occur of the Doum Palm, Hj- 
phoene Thebaica, but its fruit is not eaten. Some Cruciferre, 
and many dwarf thorny Leguminosic are frequent. 

Pasturage on several of the mountains of lower elevation 
and in some valleys, in certain parts of the year, is abundant 
and the turf, often scented with Thymes and other Labiatw,^ 
is then quite verdant. The cultivated productions are, for the 
most part, the common Dat« Fiilms, Na/chl, which to the Arabs 
are the most useful of trees : olives, figs, limes, oranges, al- 
monds, caroubs, and grapes, are also found ; the latter more 
especially in the Convent Gardens of the present Sinai, and 
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ill Wadi Firan. Tobacco, a few cereales, legumes, and 
jiot-herbs, are likewise grown in the last fertile valley. 

In some districts, though partioularl y at Noweibia, a great 
deal of charcoal is prepared from the Auacia trees. 

The domestic animals are camels or dromedaries, dogs, 
goats, and small sheep ; but no cows, or oxen. 

Among the teiid animals may be named, leopards, hyenas, 
the Wober or marmot ; the Jieden, alpine goat or Ibex ; ante- 
lopes, gazelles ; the Egyptian vultures, eagles, partridges, 
qnailB, pigeons ; the Dhob or large lizard, serpents, acorpiona, 
and locusts. The gulfs abound ind variety offishea, shells, and 
corals ; and Eurckhardt mentions pearls, as well as mother-of- 
pearl being obtained near the Isle of Tiran. The minerai pro- 
ducte have been sufficiently noticed ; but, concerning the 
mountains, which have really tlie beat claim to the identity of 
the trtfg Sinai, it is not in this place to discuss ; and especially 
as my remarks on this subject— derived from early history 
— are already publialied in another work.* Yet, I fully 
concur with Dr Xitto (p. 54), that " there is no question that 
this region is the scene of the wondrous transactions recorded 
in the sacred books ; that these are the mountains which 
quaked when the Lord came down in fire upon them ; and 
that Iheie are the valleys which then heard Hia voice." 

Neither will I here enumerate the Amalekites, Midianites, 
or other ancient nations, to whom the Peninsula once be- 
longed ; nor will I give any account of the present Arab 
tribes which dwell therein ; but it is worthy of note that 
many of these dwellers in tents, retain at this day their 
primitive and scriptural customs. 

Traces of Egyptian colonists are atill apparent in the mo- 
numents at Sarbut el Chadem, and in the very ancient 
tablets and hieroglyphics sculptured on the rocks in Wadi 
Magbara. Some of these contain, as Dr Lepaius write8,t 
'^ the oldest effigies of kings in existence, without excepting 
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the whole of Egypt anil the pyramids of Gizeh." Here npoa 
one is seen the cartouche of SuphU, kiog of MemphiB, and ife 
ia identical with that in tlie Great Pyramid which waa bailt 
by him. This king ia related to have conquered this portion 
of the Peninsula, which was about the time of Abraham. 

The chief people now inhabiting this country are the Be- 
dawyun or Bedouin Arabs, whose entire population Burck- 
hardt estimated, some years ago, at about four thousand 
souls ; and I apprehend, that little or no increase has takea 
pla<;e in their numbers since that traveller \dsited them. 

Notwithstanding that of late years the Sinaic Peninsula 
has become better known to us from the reports of its recent 
travellers, yet there remains much to be more perfectly 
inveHtigated in it: so likewise with regard to its adjoining 
countries, and of these none requires more examination thaa 
the north of Arabia Proper. I can therefore only express an 
ardent wish that a party of English scientific men, geologiats 
and naturalists, would undertake the exploration of it ; for 
I am satisfied that great benefits would accrue to science 
from their researches, and that they would obtain for them- 
selves much lasting honour from such an investigation. 

Finally, in composing this hasty account of a portion of 
Arabia and Egypt, but little known to us in a scientific view, 
I have principally made use of the accurate works of Burck- 
hardt, Robinson, Wellsted, Lepsius, Newhold, J. Wilkinson 
and Russegger — all able travellers, who have personally 
viBtted the countries here attempted to be described. 
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The General Meeting, 

Wednesdai/, 31s( Juli/, 

IN THE MUSIC HALL — EVENING. 

The meeting was opened at eight o'clock in the evening, 

by the President of the former year. The Rev. Dr Robinson 

of Armagh, on retiring from the office of President of the 

Association, on this occasion, said — 

The time has come, \i'hen, by our rules, I must lay down 
the authority which last year you honoured me with, I trust 



that, from the way in which I have employed it, I have not 
altogether proved myself unworthy of the confidence which 
you then repoaed in me. I have at least this to hoaat of— 
which it is not eveiy Sovereign who can congmtulate himr 
self upon at the close of his career — that I shall deliver ttf 
my successor my dominion in a more prosperous and in a. 
more flouriahing state than I received it. But more : I have ■ 
this additional consolation, in entering again among yoiur 
ranks, that at least I shall not be visited by the afflictioa 
which pressed so heavily upon the mind of Solomon, that 
when he had laboured in the pursuit of wisdom and in the 
advancement of knowledge, he should leave his poi-tion ti> 
one who had not laboured therein ; for I deliver ray authority 
to one, in comparison of whose achievements, whatever I' 
myself may, by the partiality of my friends, be supposed to 
have effected, fades into nothing. There is not a apot in the' 
world to which the lightofphysical investigation has pierced, 
where his name has not become known. There has been no 
period in the course of this Association, prosperous and suc- 
cessful as it has been from its origin, in which we hare noi 
been enlightened by his discoveries and aided by bis counsel.' 
There is not a department in that multifarious lore witS 
which wc have employed ourselves, on which he has not, in 
the course of his investigations, thrown a brilliant light ; and 
what I pi'ize beyond all that he has achieved — as the distinct 
tion or the fame of the whole of that career, which has bee* 
so brilliant, is, that there has not been any stain oranyeloui} 
to obscure the moral purity, the religious veneration, the 
upright and conscientious spirit, which, more than all know-* 
ledge, and more than all genius, is the noblest prerogativ 
of man. When I resign my throne of office to Sir Davitl 
Brewster, I know that that act is perhaps the greatest uer- 
vice which, in the course of my connection with the Associor 
tion, I have ever rendered to it." 

Dr Robinson then moved that, in accordance with the reJ 
aolution of the General Committee of last year at Birmlngd 
ham. Sir David Brewster do take the chair. Sir Davidj 
Brewst«r having taken the chair, addressed the audience 
nearly in the following terms ; — 
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I " The kind and flattering expressions witii which Dr 

I Itubinaoii has been pleased to introduce me to this chair, and 

I" to characterise my scientific labours, however coloured they 

I are by tlie warmth of friendship, cannot but be gratifyiag 

Peven at a time when praise ceases to administer to vanity or 

I to stimulate ambition. The appreciation of intellectual labour 

I by those who have laboured intellectually, if not its highest, 

I is at least one of its high rewards. When I cousider the 

I mental power of my distinguished friend, the value of his 

r original researches, the vatst extent of his acquirements, and 

E the eloquence which has so often instructed and delighted us 

I at our annual reunions, I feel how unfit I am to occupy his 

I place, and how little I am qualified to discharge many of those 

L duties which are incident to the chaii* of this Association. It 

I is some satisfaction, however, that you are all aware of the 

' «xtent of my incapacity, and that you have been pleased to 

accept of that which I can both promise and perform — to 

■occupy any post of labour, either at the impelling or the 

I working arm of this gigantic lever of science. It has been 

1 'the custom of some of my predecessors in this chair, to give 

a brief account of the progress of the sciences during the 

preceding year; but however interesting such a narrative 

might be, it would be beyond the power of any individual to 

do justice to so extensive a theme, even if your time would 

permit, and your patience endure it. I shall make no apology, 

however, for calling your attention to a few of those topics, 

within my own narrow sphere of study, which, from their 

prominence and general interest, may be entitled to your 

attention. I begin with astronomy, a study which has made 

great progress under the patronage of this Association ; a 

subject, too, possessing a charm above all other subjects, and 

more connected than any with the deepest interests, past, 

present, and to come, of every i-ational being. It is upon a 

planet that we live and breathe. Its surface is the arena 

of our contentions, our pleasures, and our sorrows. It is to 

obtain a portion of its alluvial crust that man wastes the 

fl ower of his days, and prostrates the energies of his mind, 

and risks the happiness of his soul ; and it is over, or beueath, 

its rerdant turf that his ashes are to be scattered, or his 

bones to be laid. It is from the interior, too— ftQttiV'ci.'6VKaffiE 
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life of the earth, that man derivea the materials of civilizan 
tioD — his coal, his iron, and his gold. And deeper still, 
geologists have proved^ — ^nd none with more power than tfasi 
geologists around me — we find in the bosom of the eartl^ 
written on blocks of marble — the history of primeval timei^ 
of worlds of life created, and worlds of life destroyed, We 
find there— in hieroglyphics as intelligible as those whioU 
Major Rawlinaon has deciphered on the slabs of Nineveh^ 
the remains of forests which waved in luxuriance over it* 
plains ; the very bones of huge reptiles that took shelte? 
under their foliage, and of gigantic ()uadrupeds that trofl 
uncontrolled its plains — the lawgivers and the executioners 
of that mysterious community with which it pleased the Al- 
mighty to people his infant world. But though man ia hut fr 
recent occupant of the earth— an upstart in the vast chrono- 
logy of animal life, his interest in the Paradise so carefully 
prepared for bim is not the less exciting and profound. F(tf 
him it was made ; he was to be the lord of the new creatioo. 
and to him it especially belongs to investigate the wondenl 
it displays, and to learn the lesson which it reads. 
while our interests are thus closely connected with the but-. 
face, and the interior of the earth, interests of a higher kini 
are associated with it as a body of the solar system to whioli' 
we belong. The object of geology is to unfold the histoi^. 
and explain the structure of a planet : and that history and 
that structure may, within certain limits, be the history 
and the structure of all the otlier plauets of the system — ■ 
perhaps of all the other planets of the universe. The lawB 
of matter must be tlie same, wherever matter is found. The 
heat which warms our globe, radiates upon the moat distant 
of the planets ; and the light which twinkles in the remotest, 
star, is in its physical, and doubtless in its chemical, propep- 
tiea, the same tliat cheers and enlivens our own system ; an4 
if men of ordinary capacity possessed that knowledge whidi 
ia within their reach, and bad that faith in science nhi^ 
its truths inspire, they would see in every planet around 
them, and in every star above them, the home of immort 
natures — of beings that suffer and of beings that rejoice — 
souls that are saved and of souls that are lost. Geology li,' 
therefore, the fii-at chapter ol' astronomy. It describes tliat pop- 
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tion of the solar system wliicb is nearest and dearest to ua, the 
cosmopolitan observatory, so to speak, from which the astrono- 
mer is to survey the Hidereal universe, where revolving worlds, 
and systems of worlds, summon him to investigate and adore. 
There, too, he obtains the great bawe lines of the earth's 
radius to measure the distances and magnitudes of the 
starry host, and thus to penetrate, by the force of reason, 
into those infinitely distant regions where the imagination 
dare not follow him. But astronomy, though thus sprung 
from the earth, seeks and finds, like Astnea, a more con- 
genial sphere above. Whatever cheers and enlivens our ter- 
restrial paradise is derived from the orbs around us. With- 
out the light or heat of our sun, and without the uniform 
movements of our system, we should have neither climates 
nor seasons. Darkness would blind, and famine destroy 
everything that lives. Witliout influences from above, our 
ships would drift upon the ocean, the sport of wind and 
wave, and would have less security of reaching their desti- 
Lation than balloons floating in the air, and subject tn the 
caprice of the elements. But while the study of Astronomy 
18 essential to the very existence of social life, itris instinct 
with moral influences of the highest order. In the study of 
our own globe we learn that it has been rent and upheaved 
by tremendous forces — here sinking into ocean depths, and 
there rising into gigantic elevations. Even now geologists 
are measuring tJie rise and fall of its elastic crust, and men 
who have no faith in science often learn the truth to their 
cost, when they see the liquid fire rushing upon them from 
the volcano, or stand above the yawning crevice in which 
the earthquake threatens to overwhelm them. Who can say 
that there is a limit to agencies like these t Who could dare 
to assert that they may not concentrate their yet divided 
energies, and rend in pieces the planet which imprisons them 1 
Within the bounds of our own system, and in the vicinity of 
our own earth, between the orbits of JIars and Jupiter there is 
a wide space which, according to the laiv of planetary distance, 
.ought to contain a planet. Kepler predicted that a planet 
would be found there — and strange to say, the astronomers 
of our own times discovered at the beginning of the present 
.century four small planets, Ceres, Pallas, Judo, and Vesta, 
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occupying the very place in our system where the anticipated 
planet ought to have been found. Ceres, the first of these, 
was discovered by Piazzi, at Palermo, in 1801 ; Pallas, the 
second of them, by Dr Olbers of Bremen, in 1802 ; Juno, the 
third, by Mr Harding, in 1804 ; and Vesta, the fourth, by 
Dr Olbers, in 1807- After the (liacovery of the third, Dr 
Olbers suggested the idea that they were the fragments of a 
planet that had been burst in pieces ; and, considering that 
they must all have diverged from one point in the original 
orbit, and ought to retm-n to the opposite point, he examined 
these parts of the heavens and thus discovered the planet 
Vesta. But though this principle was in the possession of 
astronomers, nearlyfortyyearselapsedbefore any other plane- 
tary fragment was discovered. At last, in 1845, Mr Encke of 
Driessen, in Prussia, discovered the fragment called Astneat 
and in 1847 another, called Ilebe. In the same year, our 
countryman, Mr Hind, discovered other two, Iris and Flora. 
In 1848, Mr Graham, an Irish astronomer, discovered a ninth 
fragment, called Metis. In 1848, Mr Gasparia of Naples. 
discovered another, which he calls Hygeia; and within the 
last two mbnths, the same astronomer has discovered the 
eleventh fragment, to which he has given the name of Pa^ 
thenope.* If these eleven small planets are really the re- 
mains of a larger one, the size of the original planet must 
have been considerable. What its size was would seem to 
be a problem beyond the grasp of reason. But human genittft 
has been permitted to triumph over greater difficulties. The 
planet Neptune was discovered before a ray of its light hod 
entered the human eye ; and by a law of the solar system 
just discovered, we can detennine the original magnitude of 
the broken planet long after it has been shivered into £ra^ 
ments ; and we might have determined it even after a single 
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fragment had proved its existence. This law we owe to Mr 
Daniel Kirkwood of Pottsville, a humble American," who, 
like the illustrious Kepler, struggled to find something new 
among the arithmetical i-elations of the planetary elements. 
Between every two adjacent planets there is a point where 
their attractions are equal. If we call the distance of thia 
point from the Sun tlie radius of a planet's spliere of attrac- 
tion, then Mr Kirkwood's law is, that in every planet the 
^quare of the length of its year, reckoned in days, varies as 
the cube of the radius of its sphere of attraction. This law 
has been verified by more than one American astronomer, 
luid there can be no doubt, as one of them expresses it, that 
it is at least a physical fact in the mechanism of our system. 
This law requires the existence of a planet between Mars 
and Jupiter, and it follows from the law that the broken 
planet must have been a little larger than Mars, or about 
6000 miles in diameter, and that the length of its day must 
have been about 67^ hours. The American astronomers re- 
gard this law as amounting to a demonstration of the nebular 
hypothesis of Laplace ; but we venture to say that this 
opinion will not be adopted by the astronomers of England. 
Among the more recent discoveries within the hounds of our 
own system, I cannot omit to mention those of our distin- 
guished countryman, Mr Lassell of Liverpool, By means of a 
fine 20-feet reflector, constructed by himself, he detected the 
satellite of Neptune, and more recently an eighth sajellite 
circulating round Saturn — a discovery which was made on 
the very same day, by Mr Bond, Director of the Observatory 
of Cambridge, in the United States. Mr Lassell has still 
more recently, and under a singularly favourable state of the 
atmosphere, observed the very minute, but extremely black, 
shadow of the ring of Saturn upon the body of the planet. 
He observed the line of shadow to be notched, as it were, and 
almost broken up into a line of dots — thus indicating moun- 
tains upon the plane of the ring — mountains, doubtless, raised 
by the same internal forces, and answering the same ends, 
as those of our own globe. In. passing from our solar sys- 
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tem to the frontier of the sidereal universe around us, we 
traverse a g'nlf of inconceivable extent. If we represent the 
radius of the solar system, or of Neptune's orbit (which is 
2900 millions of miles) by a line two miles long, the interval 
betwuen our system, or the orbit of Neptune, and the nearest 
fixed star will be greater than the whole circumference of our 
globe— or equal to a length of 27,600 miles. The parallax 
of the nearest fixed star being supposed to be one second, its 
distance from the Sun will be nearly 412,370 times the radius 
of the Earth's orbit, or 13,746 times tliat of Neptune, which 
is 30 times as far from the Sun as the Earth, And yet to 
that distant zone has the genius of man traced the Creator's 
arm working the wonders of his power, and diffusing the 
gifts of his love — the heat and the light of suns — the necea- 
sary elements of physical and intellectual life. It is by 
means of the gigantic telescope of Lord Roase that we have 
become acquainted with the form and character of those 
great assemblages of stars which compose the sidereal uni- 
verse. Drawings and descriptions of the more remarkable 
of these nebulEB, as resolved by this noble instrument, were 
communicated by Dr Robinson to the last meeting of the 
Association, and it is with peculiar satisfaction that I am 
able to state that many important discoveries have been 
made by Lord Rosse and his assistant, Mr Stoney, during 
the last year. In many of the nebulte the peculiarities of 
atruetpre are very remarltable, and, as Lord Roase obaerveB, 
" seem even to indicate the presence of dynamical laws almost 
within our grasp." The spiral arrangement so strongly de- 
veloped in some of the nebulae is traceable more or less dis- 
tinctly in many ; but " more frequently,'' to use Lord Rosse's 
own words, " there is a nearer approach to a kind of irre- 
gular, interrupted, annular disposition of the luminous ma- 
terial, than to the regularity observed in others ;" but his 
lordship is of opinion that those nebulEe are systems of s 
very similar nature, seen more or less perfectly, and vam- 
oualy placed with reference to the line of sight. In re- 
examining the more remarkable of these obj ects, Lord Rosse 
intends to view tbem with the full light of his six feet specu- 
lum, isidiminished by the second reflection of the small 
mirror. By thus adopting what is called the front vietr, ha 
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will doubtless, as he himself expects, discover many new 
features in those interesting objects. It is to the influence 
of Lord Rosse's example that we are indebted for the fine 
reflecting telescope of Mr Laasell, of whicli I have already 
spoken ; and it is to it, also, that we owe another telescope, 
which, though yet unknown to science, I am bound in this place 
especially to notice, I allude to the reflector recently con- 
structed by Mr James Nasmyth, a native of this city, already 
distinguished by his mechanical inventions, and one of a 
family well known to ub all, and occupying a high place 
among the artists of Scotland. This instrument has its 
great speculum 20 feet in focal length, and 20 inches in dia- 
meter ; but it differs from all other telescopes in the remark- 
able facility with which it can be used. Its tube moves ver- 
tically upon hollow trunnions, through which the astrono- 
mer, seated in a little observatory, with only a horizontal 
motion, can view at his ease every part of the heavens. 
Hitherto, the astronomer baa been obliged to seat himself at 
the upper end of his Newtonian telescope ; and if no other 
observer will acknowledge the awkwardness and insecurity 
of his position, I can myself vouch for its danger, having 
fallen from the very top of Mr Ramage's 20 feet telescope 
when it was directed to a point not very far from the zenith. 
Though hut slightly connected with astronomy, I cannot omit 
calling your attention to the great improvements — I may 
call them discoveries — which have been recently made in 
Photography, I need not inform this meeting that the art of 
taking photographic negative pictures upon paper was the 
invention of Mr Fox Talbot, a distinguished member of this 
Association. The superiority of the Talbotype to tlie 
Daguerreotype is well known. In the latter the pictures are 
reverted, and incapable of being multiplied, while in the 
Talbotype there is no reversion, and a single negative will 
supply a thousand copies, so that books may now be illus- 
trated with pictures drawn by the sun. The difficulty of 
procuring good paper for the negative is so great, that a 
better material has been eagerly sought for ; and M. Niepce, 
an accomplished officer in the French service, has success- 
fully substituted for paper a film of albumen, or the white of 
an egg, spread upon glass, This new process has heeu 
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brought to such perfection in this city by Messrs Rosa and 
Thompson, that Talbotypea taken by them, and lately ex- 
hibited by myself to the National Institute of France, and to 
M. Niepce, were universally regarded as the finest that had 
yet been executed. Another process, in which gelatine is 
substituted for albumen, has been invented, and successfully 
practised by M. Poitevin, a French officer of engineers, and 
by an ingenious methodj which has been minutely described 
in the weekly pi-oceedings of the Institute of France, M. Ed- 
mund Becquerel has succeeded in transferring to a Daguer- 
reotype plate the prismatic spectrum, with all its brilliant 
colour, and also, though in an inferior degree, the colours 
of the landscape. These colours, however, are very fngace- 
ouB : yet, though no method of fixing them has yet been dis- 
covered, we cannot doubt that the difficulty will be sur- 
mounted, and that we shall yet see all the colours of the na- 
tural world transferred by their own rays to sui'faces both of 
silver and paper. But the most important fact in Photo- 
graphy which 1 have now to mention, is the singular accele- . 
ration of the process discovered by M. Niepce, which enables 
him to take the picture of a landscape, illuminated by diffused 
light, in a single second, or at moat in two seconds. By this 
process he obtained a picture of the sun on albumen so in- 
stantaneously, as to confirm the remarkable discovery, pre- 
viously made by M. Arago, by means of a silver plate, that 
the rays which proceed from the central parts of the sun's 
disc,bave a higher photogenic a<;tion than those which issne 
irom its margin. This interesting discovery of M. Aro^o'is 
one of a series on photometry, wliich that distinguished 
philosopher is now occupied in publishing. Threatened *rth 
a calamity which the civilized world will deplore — the less 
of that sight which has detected so raany brilliant pheno- 
mena, and penetrated so deeply the mysteries of the material 
world, he is now completing, with the aid of other eyes than 
his own, those splendid researches which will immortalize 
his own name and add to the scientific glory of his country. 
From these brief notices of the progress of science, I must 
now call your attention to two important objects with which 
the British Association has been occupied since their last 
meeting. It has been long known, both from theory and in 
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practice, tliat the imperfect transparency of the earth's atmo- 
sphere, and the unequal refraction which arises from differ- 
ences of temperature, combine to set a limit to the use of 
high magnifying powers in our telescopes. Hitherto, how- 
ever, the application of sucli high powers was checked by the 
imperfections of the instruments themselves ; and it is only 
since the construction of Lord Rosae's telescope that astrono- 
mers have found that, in our damp and variable climate, it is 
only during a few days of the year that telescopes of such 
magnitude can use successfully the high magnifying powers 
which they are capable of bearing. Even in a cloudless sky, 
when the stars are sparkling in the firmament, the astrono- 
mer is baffled by influences which are invisible, and while 
new planets and new satellites are being discovered by in- 
struments comparatively small, the gigantic Polyphemus lies 
slumbering in his cave, blinded by thermal currents, more 
irresistible than the firebrand of Ulysses. As the astrono- 
mer, however, cannot command a tempest to clear his atmo- 
sphere, nor a thunder storm to purify it, his only alternative 
is to remove his telescope to some southern climate, where 
no clouds disturb the serenity of the firmament, and no 
changes of temperature distract the emanations of the stars. 
A fact has been recently mentioned, which intittes us to an- 
ticipate great results from siich a measTire. The Marquis of 
Ormonde is said to have seen from Mount Etna, with his 
naked eye, the satellites of Jupiter, If this be true, what 
discoveries may we not expect, even in Europe, from a large 
reflector working above the grosser strata of our atmosphere. 
This noble experiment of sending a large reflector to a 
southern climate has been but once made in the history of 
science. Sir John Herschel transported his telescopes and 
his family to the south of Africa, and during a voluntary 
exile of four years' duration, he enriched astronomy with 
many splendid discoveries. Such a sacrifice, however, is not 
likely to be made again ; and we must, therefore, look to the 
aid of Government for the realization of a project which 
every civilized people will applaud, and which, by adding to 
the conquests of science, will add to the glory of our country. 
At the Birmingham meeting of the Association, its attention 
was called tu this subject: and being convinced that great 
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advantages would accrue to science from the active use of a 
large reflecting telescope in the southern hemisphere, they 
resolved to petition Government for a grant of money for 
that purpose- The Royal Society readily agreed to second 
this application ; and as no request from this Aasociation has 
ever been refused, whatever Government was in povfer, we 
have every reason to expect a favourable answer to a memo- 
rial from the pen of Dr Robinson, which has just been sub- 
mitted to the Minister. A recent and noble act of liberality 
to science on the part of the Government justifies this ex- 
pectation. It is, 1 believe, not yet generally known that 
Lord John Russell has granted £1000 a-year to the Royal 
Society for promoting scientific objects- The Council of that 
distinguished body has been very solicitous to make this 
grant effective in promoting scientific objects, and I am per- 
suaded that the measures they have adopted are well Atted 
to justify the liberality of the Government. One of the most 
important of these has been to place £100 at the disposal of 
the committee of the Kew Observatory. This establishment, 
which has for several years been supported by the British 
Association, was given to us by the Government as a depo- 
sitory for our books and instruments, and as a locality well 
fitted for carrying on electrical, magnetical, and meteorolo- 
gical observations. During the last six years the Observa- 
tory has been under the honorary superintendence of Mr 
Ronalds, who is well known to the scientific world for his 
ingenious photographic methods of constructing self-regis- 
tering magnetical and meteorological apparatus. Ou the 
joint application of the Marquis of Northampton and Sir 
John Herschel, Her Majesty's Government have granted 
to Mr Ronalds a pecuniary recompense of £250 for 
these inventions; and I am glad to be able to state, that 
Mr Brooke has also received from them a Buitable reward 
for inventions of a similar kind. Under the fostering 
care of the British Association, the most valuable electrical 
observations have been made at Kew, and Mr Ronalds 
has continued, from year to year, to make those improve- 
ments upon his apparatus which experience never fails to 
suggest;— but I regret to say that, in consequence of our 
diminished resources, the Association, at its meeting in 1818, 
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CBme to the resolution of discontinuing the obserTations at 
Kew, appropriating, at the same time, an adequate sum for 
completing those which were in progress, and for reducing and 
diacusslDg the five years' electrical observations which had 
been published in our annual reports. I trust, however, that 
means will yet be found to maintain the Observatory in full 
activity, and carry out the original objects contemplated by 
the Committee. Having had an opportunity of visiting this 
establishment a few weeks ago this summer, after having 
inspected two of the best conducted Observatories on the 
Continent where the same class of observations are made, I 
have no hesitation in speaking in the highest terms of the 
value of Mr Ronalds' labours, and in recommending the 
institution which he so liberally superintends to the 'con- 
tinued protection of the Association, and the continued 
liberality of the Royal Society. From the facts which I have 
already mentioned, and from many others to which I might 
have referred, the members of the Association will observe, 
with no common pleasure, that the Government of this country 
have, during the last twenty years, been extending their patron* 
age of science and the arts. That this change was effected 
by the interference of the British Association, and by the 
writings and personal exertions of its members, could, were 
it necessary, be easily proved. But though men of all shades 
of political feeling have applauded the growing wisdom and 
liberality of the State ; and, though various individuals are 
entitled to share in the applause, yet there is one statesman, 
alas ! too early and too painfully torn from the affections of 
his country, whom the science of England must ever regard as 
its warmest friend and its greatest benefactor. To Iiim we 
owe new institutions for advancing science, and new colleges 
for extending education ; and, had Providence permitted him 
to follow out in the serene evening of life, and in the matu- 
rity of his powerful intellect, the views which he had cherished 
amid the distractions of political strife, he would have rivalled 
the Colbert of another age, and would have completed the 
systematic organization of science and literature and art, 
which has been the pride and the glory of another land, 
These are not the words of idle eulogy, or the expressions of 
a groundless expectation. Sir Robert Peel had entertained 
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the idea of attaching to tlie Royal Society a number of activft 
members, who ahcmld devote themselves wholly to scientilie 
pursaitfi, and I had the satisfaction of commuQicating to biin^ 
through a mutual triend, the remarkable fact, that 1 had 
found among the MSS. of Sir Isaac Newton a written scheme 
of improving the Royal Society, precisely similar to that 
which he contemplated. Had this idea been realised, it 
would have been but the first instalment of a debt long due to 
science and the nation, and it would have fallen to the lot of 
some more fortunate statesman to achieve a glorious name 
by its complete discharge. It has always been one of the 
leading objects of the British Association, and it ia now the 
only one of them which has not been wholly accomplished, 
' to obtain a more genel-al attention to the objects of a 
science, and removal of any disadvantages of a public kind 
which impede its progress." Although this object is not very 
definitely expressed, yet Mr Harcourt, in moving its adop- 
tion, included under it the revision of the law of patents and 
the direct national encouragement of science, two subjects to 
which I shall briefly direct your attention. In 1831, when 
the Association commenced its labours, our patent lawa 
were a blot on the legislation of Great Britain ; and though 
some of their more obnoxious provisions have since that time 
been modified or removed, they are a blot still, feaa deep in 
its dye, but equally a stain upon the chai-acter of the nation. 
The protection which is given by statute to every other pro- 
perty in literature and the fine arts, ia not accorded to pro- 
perty in scientific inventions and discoveries. A man of 
genius completes an invention, and after incurring great 
expense, and spending years of anxiety and labour, he ia 
ready to give the benefit of it to the public. Perhaps it is 
an invention to save life — the life-boat ; to shorten space and 
lengthen time — the railway ; to guide the commerce of the 
world through the trackless ocean — the mariner's compass ! 
to extend the industry, increase the power, and fill the cofferB 
of the State — the steam-engine ; to civilize our species, to 
raise it from the depths of ignorance and crime to knowledge 
and to virtue — the printing-presB. But, whatever it may be, 
a grateful country has gi-anted to the inventor the sole bene- 
fit of its use for fourteen years. But what the statute thus 



freely gives, law and custom as freely take away, oi' render 
void. Fees, varying from £200 to £500, are demanded from 
the inventor ; and the gift thus so highly estimated by the 
giver bears the great seat of England. The inventor must 
now describe his invention with legal precision. If he errs 
in the slightest point, — -if his desci'iption is not sufficiently 
intelligible, — -if the smallest portion of liia invention has been 
used before, — or if he has incautiously allowed his secret to 
be made known to two, or even to one individual, he will lose 
in a com-t of law his money and his privilege. Should his 
patent escape itnscatlied from the fiery ordeal, it often hap- 
pens that the patentee has not been remunerated during the 
fourteen years of his term. In this case the State is willing 
to extend his right for five or seven years more ; but he can 
obtain this extension only by the expensive and uncertain 
process of an act of Parliament — a boon which is seldom 
asked, and which, through rival influence, has often been 
withheld. Such was the patent law twenty years ago ; but 
since that time it has received some important ameliorations ; 
and though the British Association did not interfere as a 
body, yet some of its members applied energetically on the 
subject to some of the more influential individuals in Lord 
Grey's Government, and the result of this was. two acts of 
Parliament passed in 1835 and 1839, intituled ' Acts for 
amending the law touching letters patent for inventions.' 
"Without referring to another important act for registering 
designs, which had the effect of withdrawing from the grasp 
of the patent laws a great number of useful inventions, 
depending principally on fonn, I shall notice only the valu- 
able provisions of tiie two acts above mentioned, — acts which 
we owe solely to Lord Brougham. By the iirst of these acts 
the patentee is pennitted to disclaim any part either of the 
title of his invention or of the specification of it, or to make 
any alteration on the title or specification. The same act 
gives the Privy Council the power of confirming any patent, 
or of granting a new one, when a patent had been taken out 
for an invention which the patentee believed to be new, but 
which was found to have been known before, but not publicly 
and generally used. By the same act, too, the power of 
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letters patent waa taken from FarliaineDt, and given to t 
Privy Council, who have, on different occaaions, esercised 
it with judgment tiud discrimination. By the second act of. 
1839, thia laat privilege was made more attainable by iho., 
patentee. There are doubtless valuable improvementa whi(A 
inventors will gratefully remember; but till the enormous 
fees which are still exacted are either partly or wholly, 
abolished, and a real privilege given under the great seal, 
the genius of this country will never be able to compete witll 
that of foreign lands, where patents are cheaply obtained an^^ 
better protected. In proof of the justness of these views, » 
is gratifying to notice, that, within these few days, it I 
been anuounced in Forliameuttliat the new Attorney-Generall 
has accepted his office, on the express condition that the 1, 
fees which he derives from patents shall be subject to revi? 
sion. The other object of the British Association, mentionec 
by Mr Harconrt, the Organization of Science as a Nationoli 
InatitutioD, is one of a higher order, and not limited to indt- 
vidual, or even to Englisli interests. It concerns the oivi- 
l^ed world ; not confined to time it cuncema eternity, Whilfli 
the tongue of the Almighty, as Kepler expresses itjis&pea. 
ing to us in His word, his finger is writing to us in B 
works ; and to acquire a knowledge of these works is t 
essential portion of the gi-eat duty of man. Truth aecnlu 
cannot be separated from truth divine ; and if a priesthood 
has in all ages been organized to track and exemplify the 
one, and to maintain, in ages of darkness and corruption, tbs 
vestal lire upon the aacred altar, shall not an intellectual 
priesthood he organized to develop the glorioua truths whi 
time and space embosom, — to cast the glance of reason ii 
the dark interior of our globe, teeming with what was once 
life, — to make the dull eye of man sensitive to the planet 
which twinkles from afar, as well as to the luminary whicl^ 
shines above, — and to incorporate with our inner life those 
wonders of the external world which appeal with equal 
power to the affections and to the reason of immortal natures 1 
If the God of Love is moat appropriately worshipped in the 
Christian temple, the God of Nature may be equally honoured 
in the Temple of Science. Even from its lofty minarets the. 
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philosopher may summon the faithful to prayer ; and the 

priest aod the sage may exchange altars without the com- 
promise of faith or of Icnowledge. Influenced, no doubt, by 
viewB like these, Mr Harcourt has cited the opinions of a 
philosopher whose memory is dear to Scotland, and whose 
judgment on any great question will be everywhere received 
with respect and attention ; I refer to Professor Playf'air, the 
distinguished successor in our Metropolitan Univeraity of 
the Grregorys, the Maclanrins, and the Stewarts of former 
days, who, in his able diasertatioo ' On the Progress of the 
Mathematical and Physical Sciences,' thus speaks oF the 
National Institute of France : — 

'This institution has been of considerable advantage to 
science. To detach a number of ingeDioua men from every- 
thing but scientific pursuits, — to deliver them alike from the 
embarrassments of poverty or the temptations of wealth, — 
to give them a place and station in society the most respect- 
able and independent, is to remove every impediment, and 
to add every stimulus to exertion. To this institution, ac- 
eordingly, operating upon a people of great genius, and inde- 
&tigable activity of mind, we are to ascribe that superiority 
the mathematical sciences which, in the last seventy years, 
rsbeen so conspicuous.' — Dis3, 3rf, Sec. 5, p. 500. 
" This just eulogy on the National Institute of France, in 
Teference to abstract mathematics, may be safely extended 
to every branch of theoretical and practical science ; and I 
have no hesitation in saying, after having recently seen the 
Academy of Sciences at its weekly labours, that it is the 
noblest and most effective institution that ever was organized 
for the promotion of science. Owing to the prevalence of 
icientiflc knowledge among all classes of the French popula- 
tion, and to their admirable system of elementary instruction, 
♦b© advancement of science, the diffiision of knowledge, and 
the extension of education, are objects dear to every class of 
itiie people. The soldier as well as the citizen,— the Socialist, 
the Republican, and the Royalist- — all look up to the Na- 
tional Institute as a mighty obelisk erected to science, to be 
'respected and loved and defended by all. We have seen it 
■tanding unshaken and active amid all the revolutions and 
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convulsions which have so long ajptated that noble but dii- 
tracted country. — a common centre of affection, to whicli 
antagonist opinions, and rival interests, and dissevered hearts, 
have peacefully converged. It thus becomes an inatitutJoQ 
of order, calculated to send back to ita contending friends ^M 
message of union and peace, and to replace in stable eqtuud^ 
brium the tottering institutions of the State. It was doabl|P 
less with views like these that the great Colbert established 
the Academy of Sciences in Paris, and that the powerful an«^ 
sagacious momirchs on the Continent of Europe have imi-^ 
tated his example. They have established in their respective 
capitals similar institutions, — ihey have sustained them with 
libecal endowments, — they have conferred rank and honours 
on their more eminent members, and there are now here pre- 
sent distinguished foreignei*s who have well earned the 
rewards and distinctions they have received. It is, there- 
fore, gentlemen, no extravagant opinion that inatitutios 
which have thus thriven in other countries should thrb 
in ours,— that insulated societies, which elsewhere flourid 
in combination, should, when combined, flourish among ua,- 
and that men ordained by the State to the 'undivided fui 
tions of science should do more and better work than thoj 
who snatch an hour or two from their daily toil, or from the 
nightly rest. In a great nation like ours, where the higfae 
interests and objects of the State are necessarily orgaoixei 
it is a singular anomaly that the intellectual interests of tl 
country should, in a great measure, be left to voluntary sui 
port and individual zeal, — an anomaly that could have arise 
only from the supineness of ever-changing administration 
and from the intelligence and liberality of a commert 
people, — an anomaly, too, that could have been continuf 
only by the excellence of the institutions they have eata 
tished. In the history of no civilized people can we fi 
private establishments so generously fostered, so eoer^ 
eally conducted, and so successful in their objects, as 1 
Royal Societies of London, Edinburgh, and Diibltn, and t] 
Astronomical, Geological, Zoological, and Linnaean SociettI 
of the metropolis- They are an honour to the nation, i 
will ever be gratefully remembered in the history of scieu 
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But they are nevertheleas defeutive in their constitution, 
limited in their operation, and incapable, from their very 
nature, of developing and directing and rewarding the indi- 
genous talent of the country. They are simply subscription 
societies, which pay for the publication of their own transac- 
tions, and adjudicate medals entrusted to thum by the bene- 
ficence of others. They are not bound to the exercise of any 
other function, and they are under no obligation to do the 
scientific work of the State, or to promote any of those 
tiational objects which are entrusted to the organized insti- 
tutions of otiier lands. Their President and Council are 
tiecessarily resident in London ; and the talent and genius 
■of the pi-ovinces are excluded from their administration. 
¥pom this remark we must except the distinguished philoao- 
f)hers of Cambridge and Oxford, who, from their proximity 
to the capital, have been the brightest ornaments of our 
metropolitan institutions, and without whose aid they never 
Could have attained their present pre-eminence. It is, 
•^erefore, in the more remote parts of the empire that 
the influence of a national iuatitutlon would be more im- 
mediately felt, and nowhere mere powerfully than iu this 
its northern portion. Our English friends are, we believe, 
little aware of the obstructions which oppose the progress of 
science in Scotland. In our live Universities there is not a 
wngle Fellowship to stimulate the genius and rouse the am- 
bition of the student. The Church, the law, and the medical 
profession hold out no rewards to the cultivators of mathema- 
itical and physical science ; and were a youthful Newton or 
•jjaplace to issue from any of our universities, his best friends 
would advise him to renounce the divine gift, and to seek in 
professional toil the well-earned competency which can alone 
'secore him a just position in the social scale, and an enviable 
'felicity in the domestic circle. Did this tmth require any 
evidence in its support, we find it in the notorious fact, that 
our colleges cannot furnish Professors to fill their own im- 
portant offices ; and the time is not distant when all our 
•chairs in Mathematics, Natural Philosophy, and oven Natural 
-History, will be occupied by Professors educated in the 
English Universities. But were a Royal Academy or In- 
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Btitute, like that of France, eatablished on the basis of our 
flsistin^ institutioDS, and a class of resident members enabledj 
to devote themselves wholly to Bcience, the youth of Scotia 
would instantly start for the prize, and would speedily achier* 
their full share in the liberality of the State. Our univera 
ties would then breathe a more vital air. Our science woul 
put forth new energies, and our literature might rise to t 
high level at which it stands in our sister land. But it is to ■ 
the nation ihat the greatest advantages would accrue. With 
gigantic manufacturing eatablishments, depending for theuf j 
perfection and success on mechanics and chemistry ; with • f 
royal and commercial marine almost covering the ocean ; with J 
steam ships on every aea ; with a system of agriculture let 
ing upon science as its mainstay ; with a network of railwaj 
demanding for their improvement, and for the safety of t 
traveller, and for the remuneration of their public-spiritfl 
projectors, the highest eiforts of mechanical skill, the t 
has now arrived for summoning to the service of the Sts 
all the theoretical and practical wisdom of the country ; f(rf 
rousing what is dormant, combining what is insulated, and~' 
uniting in one grand institution the living talent which is u 
active but undirected and unsupported exercise around q 
In thus pleading for the most important of the objects of tl 
British Association, I feel that I am not pleading for a oaan 
that is hopeless. The change has not only commenced, bd 
has made considerable progress. Our scientific inHtitution| 
have already, to a certain extent, become national one| 
Apartments belonging to the nation have been libers 
granted to them. Eoyal medals have been founded, 
large sums from the public purse devoted to the objects whiol 
they contemplate. The Museum of Economic Geology, 
deed, is itself a complete section of a Royal Institute, givi 
a scientific position to six eminent philosophers, all of whoi 
are distinguished members of this Association. And in every 
branch of science and literature the liberality of the Crown 
has been extended to numerous individuals, whose oames 
would have been enrolled among the Members of a National J 
Institution. The cause, therefore, is far advanced ; and everjrj 
act of liberality to eminent men, and every grant of oionejj 
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for acieiitifio and literary parpoaeg, is a distinct step towards 
its triumph Our private institutions hare, in reality, as- 
sumed the transition phase, and it requires only an electric 
spark from a sagaciou.^ and patriotic statesman to combine 
in one noble phalanx the scattered elements of our intellec- 
tual greatness, and guide to lofty achievements and glorious 
triumphs the talents and genius of the nation. But when 
such an institution has been completed, the duties of. the 
State to science are not exhausted- It has appreciated know- 
ledge, hut in its abstract and utilitarian phase. It would be 
of little avail to the peace and happiness of society if the 
great truths of the material world were confined to the edu- 
cated and the wise. The organization of science thus limited 
would cease to he a blessing. Knowledge secular and know- 
ledge divine, the double current of the intellectual life-blood 
of man, must not merely descend through the great arteries 
of the social ft-ame. It must be taken up by the minutest 
capillaries before it can nourish and purify society. Know- 
ledge is at once the manna and the medicine of our moral 
being. When crime is the bane, knowledge is the antidote. 
Society may escape from the pestilence, and may survive the 
famine, but the demon of ignorance, with his grim adjutants 
of vice and riot, willpursueher into her must peaceful haunts, 
destroying our institutions, and converting into a wilderness 
the paradise of social and domestic life. The State has, 
therefore, a great duty to perform. As it punishes crime, it 
is bound to prevent it. As it subjects us to laws, it must 
teach us to read them ; and while it thus teaches, it must 
ieach also the ennobling truths which display the power and 
the wisdom of the great lawgiver, thus diffusing knowledge 
while it is extending education ; and thus making men con- 
tented, and happy, and humble, while it makes them quiet 
and obedient subjects. It is a great problem yet to be solved 
to determine what will be the state of society when man's 
(ibysical powers are highly exalted, and his physical condition 
highly ameliorated, witliout any con-esponding change in his 
moral habits and position. There is much reason to fear that 
every great advance in "material civilization requires some 
(noral and compensatory antagonism ; hut howover this may 
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be, the very indeterminate charactei" of the problem ia a warn- 
ing to the rulers of nations to prepare for the contingency by 
a system of national instruction, which shall either reconcile 
or disregard those hostile influences under which the people 
are now perishing for lack of knowledge." 



Thiirsdatf. Isl August. 
Morning — in the University. 
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The different sections having been organized, business 
commenced in each of them at H A.M. The following abstract 
will convey to our readers a short, but pretty correct general 
account of their proceedings. 

iSbction a. — Mathematical and Tiitsical SciEnca. 

I'ruident.~l'Tofe»-or JameB D. Forbes, Soc. H.S.E. 
riufiVi iiJeiiW Sir T. M. I 



CommiOee.— Mr .1, C. Adams; »ir David Briswgter; Mr J. A. Bra 

Bor Giraj ; Mr ,T. P. (Jawiot -, Rev. Dr Hitinks ; Rev. Profwuor Kellsni 
Dr Lm; M, Otto Btruve ; Toilet Osier; ProfeHBor Phillip; Kev. 1 
Scoreeby ; Profeasnr Wilran ; J. Scott Kusaell ; the Rev. J.B. Kande; 1 
F. RouBlda i Col. Sjke« ; Lieut. H. StMMihey, ILE. 

At this meeting, Mr Ronalds' Eeport on the Kew Obeer*- 
vatory was read ; also a Report by the Rev. B. Powell, OD 
Luminous Meteors; Mr W. J. M. Rankine communicated a 
paper on the Laws of the Elasticity of Solids. 

The Rev. Dr Sooresby communicated an interesting 
moir " On Atlantic Waves, their Magnitude, Velocity, an{ 
Phenomena," nearly in the following terms : — " Daring Mi 
passages across the Atlantic in 1847-8, 1 had opportu- 
nities for investigating certain elements respecting deep 
sea waves more favourable than had ever before occurre 
within my experience in navigation. These ohservationi 
it should be noted in the outset, and the results deduce 
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from thorn, were entirely uninfluenced by, and separate from 
theory. They form but a contribution to this interesting 
branch of natural phenomena; but I offer them the more 
readily from the circumstance of their entire independency 
and speciality. It was in our retura voyage from Ame- 
rica that the highest seas oecun-ed, when the circumstances 
adapted for interesting observations were singularly favour- 
able ; for, whilst the magnitude and the peculiar construc- 
tion of the upper works of the ship — the Hibernia — afforded 
various platforms of determinate elevation above the line 
of flotation for observations on the height of the waves, 
the direction of the ship's course, with respect to that of 
waves, was generally so nearly similar as to yield the most 
advantageous agreement or accordance for observations on 
their width and velocity. These observati^na I shall extract, 
in their order, from my Journal kept during the homeward 
passage. My first observation worth recording is under the 
date of March 5, 1848, when the ship was in latitude about 51°, 
and longitude (at noon) 38^ 50' W.— the wind then being about 
WSW., and the ship's course, true, N. .52° E, At sunset of 
the 4tb the wind blew a hard gale, which, with heavy aqualla, 
bad continued during the night ; so that all aail was taken 
in but storm -stay sail forward. The barometer stood at 29'50 
at 8 P.M., but fell so rapidly as to be at 2830 by 10 the next 
morning. In the afternoon of this day I stood some time on 
tlie saloon deck or cuddy roof, — a height, witli the addition 
of that of the eye, of 23 feet 3 inches above the line of flota- 
tion of the ship, — watching the sublime spectacle presented 
by the turbulent waters. I am not aware that I ever saw 
the sea more terribly magnificent. I was anxious to ascertain 
the height of these mighty waves ; but found almost every 
wave rising so much above the level of the eye, as indicated 
by the intercepting of the horizon of the sea in the direction 
in which they approached us, as to yield only the mimmum 
elevation, and to shew that the great majority of these roll- 
ing masses of water possessed a height of considerably more 
than 24 feet (including depression as well as altitude), or 
reckoning from the mean level of the sea, of more than 12 
feet. Exposed as the situation was, I then adventured to 



the larboard paddle-box, which was about 7 feet higher, 
where the level (as ascertained afterwards at Liverpool, 
allowance being made for the alteration in the draught of 
water of the shipj, was 24 feet 9 inches above the sea. This 
position, with 5 feet 6 inches, the height of my eye, gave an 
elevation altogether of 30 feet 3 inches for the level of the 
view tlien obtained, — a level, it should be remarked, which 
was very satisfactorily maintained during the instants of ob- 
servation, because of the whole of the ship's length being 
occupied within the clear ' trough of the sea.' and in an even 
and upright position, whilst the nearest approaching wave 
had its maximum altitude. Here, also, I found at least one 
half of the waves which overtoolc and passed the ship were 
far above the level of my eye Frequently I observed long 
rangeg (not acuminated peaks) extending 100 yards, perhaps, 
on one or both sides of the ship, — the sea then coming nearly 
light aft, — which rose so high above the visible horizon, aa 
to farm an angle estimated at two to three degi'ees (say 2^°) 
when the distance of the wave summit was about 100 yards 
from the observer. This would add near 13 feet to the levd 
of the eye. And this measure of elevation was by no means 
uncommon, — oecumng, I should think, at least once in half 
a dozen waves. Sometimes peaks of crossing or crests of 
breaking seas would shoot upward at least 10 or 15 feet higher. 
The average wave was, I believe, fully equal to that of my 
sight on the paddle-box, or more, — that is, V = 1^ feet, or 
upwards ; and the mean highest waves, not including the 
broken or acuminated crests, about 43 feet above the level 
of the hollow occupied at the moment by the ship. Illuminated 
as the general expanse not unfreqaently was by the tran- 
sient sunbeam breaking through the lieavy masses of the 
storm-cloud, and contrasting its silvery light with the pre- 
valent gloom, yielding a wild and partial glare, the mighty 
hills of waters rolling and foaming as they pursued us, whilst 
the gallant and buoyant ship — a charming ' sea-boat' — roso 
abaft as by intelligent anticipation of their attack, aa she 
Hcudded along, so that their irresistible strength and tierce 
momentum were harmlessly spent beneath her and on her* 
outward sides,— the storm falling fiercely on the scanty and 



almost denuded spars and steam -chimney raised alol't, still 
indicated its vast, but aa to ua innoxious, power, in deafening 
roarings, — altogetlier preaented as grand a storm-scene as I 
ever witnessed, and a magnificent example of ' the works of 
the Lord,' specially exhibited to sea-going men, ' and his 
wonders in the deep,' In the afternoon of the same day the 
gale again increased, blowing, especially during the con- 
tinuance of a much protracted hail-shower, terrifically, — roar- 
ing like thunder whilst we scudded before it, causing the ship 
to vibrate as by a sympathetic tremor, and the tops of rolling 
waves, too tardy, rapid as was their actual progress, for 
the speed of the assailing influence, to he carried off and 
home along on the ae'rial wings in a perfect drift of spray 1 
But during the period of these most vehement operations of 
nature, I was fortunately enabled from familiarity with sea 
enterprise, to pursue my observations with entire satisfaction. 
The next day — March 6 — added to the interest of these in- 
vestigations, by developing tbe character of the Atlantic 
waves under a long and fiercely- continued influence of a 
little varying wind. It had blown a heavy gale, violent in 
showers, from the north-westward, from Saturday evening 
the 4th, to the evening of Sunday, from 26 to 30 hours; 
during the night, too, of Sunday, it had again blown hard 
(abating towards the morning of Monday), and making a 
total continuance of the storm, in its violence, of about 36 
hours.* I renewed nay observations on the waves at 10 a.m. 
— the storm having been then subdued for several hours, and 
the height of the waves having perceptibly subsided. Soon 
I observed, when standing on the saloon-deck, that ten 
waves, in one case, came in succession, which all rose above 
the apparent horizon, — consequently they must have been 
more than 23 feet, probably the average might be about 26 
from ridge to hollow. At this period I also found that oc- 
casionally (that is, once in about four or five minutes) three 
or four waves in succession, as seen from the paddlf-box, 

* The barometer on Seturdaj, at 8 p.m., wae 29'50; Kl 6 A.M. of Siindiiy 
It b«d rslli^Q to SS'SO, being 1-2 inubea id 10 houn. At P.M. of the latti^i 
diiy it bad sibta In 30-00 iuchua. 
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rose ahoDe the visible horizon,— he act! they niust, like those I 
of the preceding day, have been 30 feet waves. Bat 
important difference should be noted, — viz., that they were of ' 
no _yren( extent on the ridge, presenting, though more than 
mere eonical peaks, but a moderate elongation. Another 
subject of consideration and investigation, on this occasion, 
was the period of the regular waves overtaking the ship, and 
the determination, proximately, of the actual width or inter- 
vals, and their velocity. 1. The ship was then going ninie 
knots only, the free action of the engines being greatly in- 
terfered with by the heavy sea running, and the lines of 
direction of the waves and the ship's course differed about 
23i degrees, the sea being two points on the larboard quar- 
ter, — in other words, tlie true course of the ship waa east; 
the direction /roM whence the sea came was WNW. 2, The 
period of regular waves, in incidental series, overtaking the 
ship were observed as follows : — 



aveh. Min 


Sec 


Mean. 


20 occupied 5 


30 


l6"-6 


10 „ 2 


35 


15-5 


10 „ 2 


50 


17 


10 ,. 2 


45 


16-3 


8 „ 2 


16 


17 -0 



Geiierul average 16"'5 

3. The length of the ship was stated to be 220 feet. The 
time taken by a regular wave to pass from stern to stem ap- 
peared, on a mean of several observations, t« be about six 
seconds. Hence 6" ; 220 feet (the width passed over in that 
time) : : 16-5 feet to 606 feet (the width passed over betwixt 
crest and crest.) But this extent, by reason of the obliquity 
of the direction of the waves to the course of the ship, is 
round to be elongated about 45 feet, reducing the probable 
mean distance of the waves to 569 feet. Independently of 
this process, I had previously estimated the distance of the 
wave crests, ahead and astern when the ship was in the hol- 
low, as 1 stood near the centre of the ship's length on the 
paddle-box, at 300 feet each way, by comparing the intervals 
betwixt my position and the place of the wave-crest with the 
known length of the ship. This comparison frequently re- 
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(.■onsidered and repeated, subsequently yielded, in much ac - 
cordance with the former, a total width, in the line of the 
ship's course, of about 600 feet. 4. But the total distance 
betwixt the cresta of two waves, then reckoned at 550 feet, 
a distance passed by the wave in 165 seconds of time, by 
no means indicates, it ia obvious, the real velocity of the 
wave, as the ship meanwhile was advancing merely in the 
same direction at the rate of nine knots, that is. nine geo- 
graphical miles, or (6,075-6 feet x 9 = ) 54,6804 feet per hour, 
or 15'2 feet per second. During the time, therefore, of a 
wave passing the ship = 16'5", the ship would have advanced 
on its course 165 x 152=250'6 feet. Reducing this for the 
oWiquity of two points, we have 2315 feet to be added to 
the former measure, 559 feet, which gives 790-6 feet for the 
actual distance traversed by the wave in 16'5 seconds of time, 

. ■ . ,. . c /3,600"x790'5 \,-,,fii,. . 
being at the rate of 1^^ — ^i^ = J 17,251-7 feet, or 

3267 English statute miles per hour. To know how far 
this result is but proximate, it should be considered that, of 
the several elements employed in the calculation, all but one 
might be deemed accurate. The interval of time occupied 
by the transit of a wave with respect to the position of the 
ship, the direction of the ship's motion with relation to 
that of the waves, and the speed of the sliip through the 
water,^ — -may all be recorded aa essentially accurate. The 
element in doubt is that of the average distance from sum- 
mit to summit of the waves. This distance, it has been 
seen, was, by a twofold process of observation or compa- 
rison accordantly assumed. The value of the judgment 
derived from rapid comparison of measures by an eye accus- 
tomed to such estimations is, it should be observed, far 
higher than might be generally considered. The practical 
military commander or engineer officer is able to make, by 
mere inspection of the ground before him, remarkably close 
estimates of spaces and distances. When engaged in the 
Arctic whale fishery, I was enabled, from habit and compa- 
rison of unmeasured spaces with known magnitudes, to esti- 
mate certain distances with all but perfect accuracy. Thus, 
as to a circumstance in which we were most deeply inte- 



rested — ^the near approach of a boat to a whale — I found it 
quite practicable, whenever the purguing boat approached 
within twice or thrice its length (except when the position 
was near end on) to estimate the distance to less than a 
yard. Now, the means of comparison by the eye as to the 
estimation of the breadth of the Atlantic waves, was that of 
the ship's length of 220 feet. When the ship was fairly in 
the middle of the depression betwixt two waves, it was as- 
sumed, with reference to this known measure, that some- 
thing obviously less, but not greatly so, than the ship's 
length, was the distance of each of the two waves then con- 
templated, — giving a total width of 600 feet. But the com- 
parison of the time required by a wave to pass fram stem to 
stem, with the average time of transit of an entire wave, 
yielded a much better result ; and, on much consideration of 
the subject, I am inclined to believe that the estimate is a 
tolerably close approximation to the truth. It should be 
observed, too, that as the headway of the ship, in the direc- 
tion of the course of the wave — being a known quantity — it 
was favourable to the accuracy of the estimate. For, as- 
suming an error in the mdth of the waves to have occurred, 
say to the amount of one-twelfth of the whole, or 49 feet, — 
the effect upon the calculated velocity of the wave would 
have been only about a sixteenth, or 216 miles per hour. 
The form and character of these deep-sea waves became at 
the same time interesting subjects of observation and cond- 
deration. In respect to form, we have perpetual modifica- 
tions and varieties, from the circumstance of the inequality 
of operation of the power by which the waves are formed. 
Were the wind perfectly uniform in direction and force, and 
of sufficient continuance, we might have, in wide and deep 
seas, waves of perfectly regular formation. But no such 
equality in the wind ever exists. It is perpetually changing 
its direction within certain limits, and its force too, both in 
the same place and in proximate quarters. Innumerable 
disturbing influences are therefore in operation, generating 
the varieties more or less observable in natural sea-waves. 
In regard to my own observations of the actual forma of 
waves, nothing particularly new could be expected from an 
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inquiry of this kind, in regard to phenomena fulling within 
the perpetual observation of seagoing persons : yet, at the 
risk of stating what might be ileemtd common, I will ven- 
ture to transcribe from my notes made with the phenomena 
before me the leading characteristics which engaged my 
attention. Dni'ing the height of the gale (March 6th) the 
form of the waves was leas regular than after the wind had 
for some time begun to subside. Though in many cases 
when the sea was highest the succession' of the primary 
waves was perfectly distinct, it was rather difficult to trace 
an identical ridge for more than a quarter to a third of a 
mile. The grand elevation in such case sometimes extended 
by a straight ridge, or was sometimes bent as of a crescent 
form, with the central mass of water higher than the rest, 
and not uufrequently with two or three semi-elliptic mounds 
in diminishing series, on either side of the highest peak. 
These principal waves, too, it should be noted, were not con- 
tinuously regular, but had embodied in their general mass 
many minor, secondary, and inferior waTcs. Neither did the 
great waves go very prevalently in long parallel series, like 
those retarded by shallow water on approaching the shore, 
but every now and then changed into a bent cuneiform crest 
with breaking acuminating peaks. On the following morn- 
ing (March 7), after a second stormy night, wind SSW. 
(fine), we had a heavy and somewhat cross sea (from the 
change of wind from WSW. to SSW.) But the almost un- 
abated magnitude of the more westerly waves indicated a 
continuance of the original wind at some distance astern of 
us. The gale had moderated at daylight, and the weather 
became Ane; but as the sea still kept high, its undulations 
became more obvious and easily analyzed. At three in the 
afternoon, when about a third part of the greater undula- 
tions averaged about 24 feet from crest to hollow, in height, 
these higher waves could be traced right and left as they 
approached the ship to the extent of a quarter of a mile on 
an average, more or less. Traced through their extent, the 
ridge was an irregular ronndbaeked hill, precipitous often 
on the leeward aide of waters. The undulations, indeed, as 
to primary waves, consisted mainly of these ronndbaeked 
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masses, broken into or modified by iDiiumerable aecondatyj 
and smaller waves within their general body, Tlie time 
which these waves passed the ship was now, on an aver-' 
age, about 15 seconds, the ship's speed being increased froi 
9 to 11 knots, and the obliquity of the ship's course to the' 
direction pursued by the waves was three points. On the 9th, 
two days after the above condition of the waves— whilst th*' 
sea yet ran high — few waves could be traced continaously] 
above 300 or 400 yards in extent along the same ridge. The-| 
crests often curled over, but none so as to reach the height 
of a 30 feet wave, and broke for a wide space, estimated at 
50 to 100 yards in continuity. 

MigcellaneouM Notes and Suggestiom. — The mode adopted 
in these researches of finding the height of waves is, said 
Dr Scoresby, I believe, quite satisfactory, and, observed 
with care and with relation to numbers or proportion of 
waves, as accurate as need be. The depression of the 
horizon, in respect to the elevatiori of the observer, is too 
small to form even a correction. As the horizon from the 
paddle-box V = ^•> f^^^ ^^^ o"!)' ^ depression of 3' 49", the 
distance of the visible horizon, as seen from this elevation, 
would be 4-45 statute miles, and the actual depression in feet 
due to the distance of the summit of the wave when the ship 
was in the midst of the hollow, could only be 018 foot, or 
216 inches. Other modes of determining the width of a 
wave — OP the extent betwist summit and summit — much pre- 
ferable to that described (the only available one I could de- 
vise) might easily be adopted, where the management of the 
ship was in the hands of the observer. In steam-ships, the 
simplest mode for high seas, perhaps, would be, altering the 
speed of the ship when going in the direction of the wave or. 
against the wave ; the ratios of the times of transit of wave- 
crests, under different rates of sailing of the ship, might yield 
results very close to the truth. In moderate- sized waves the 
plan adopted by Captain Stanley — whose observations I met 
with before this meeting — seem satisfactory. But in calms, 
or moderate weather after a storm — that is, for the determi- 
nation of the velocities of less elevated waves — a variety of 
k. processes might be available," 
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The author referred, in conclusion, to the forms of wave- 
crests, aiid heights, modified hy crosstags, interferences, and 
reflections. 

Mr Scott Russell said he felt a familiar interest in the re- 
aults of Dp Scoresby's observations. The Section was aware 
that great doubts existed as to the actual heights of the waves 
of the open ocean. It was now past all doubt that waves 
24 feet high, 30 feet high, 43 feet high, and with the swelling 
crest even exceeding 45 feet high, actually existed and were 
observed. From the observations which he had conducted 
many years since, he had ventured to draw up a table pre- 
dicting the velocities of sea waves up to even 1000 feet from 
trough to crest in length. Althougli the apparatus which 
he had used did not enable him to experiment on waves 
which exceeded 16 inches in length, — -yet from these pigmy 
waves it was most interesting to see how accurately the law 
was obtained; for in his table the velocity of a wave whose 
length was 600 feet was set down at 30 or 31 miles per hour. 
Dp Scoresby's actually observed velocity fop this wave was 
32 roiles and a fraction. 

Lord Northampton begged to remark, that this was one 
of the many instances of the value of the British Association 
as a handmaid to science. It brought together two such 
gentlemen as Mr Russell and Dr Scoresby, and showed the 
accuracy of the laws deduced by one from experiments con- 
ducted on a microscopic scale, by the test of others observed 
amid the sublime scone of the great Atlantic. 

Professor G. G. Stokes read a memoir " On Metallic Re- 
flexion," and another " On a Fictitious Displacement of 
Fringes of Interference," — Rev. Professor Powell " On the 
Refra<;tive Indices of several Substances." 
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Dr George Wilson read a paper containing a few par- 
ticulars concerning the late Dr Black. 

This paper is too long to be given in full, and cannot well 
be abridged. It will be acceptable to those who take aa. 
interest in the biography of our men of science, and we per- 
ceive that it has been reported at length by the Literary 
Gajsette for August 10, 1850. We shall only, therefore, 
mention that tlie paper contained the account of several 
curious particulars coocernlng Dr Black's habits and cha- 
racter not previously published. It also corrected two erro- 
neous dates in the history of our celebrated chemist; tha 
one that of the publication of his views on fixed air, which 
Dr Wilson proved, by the production of the copy of Black's 
inaugural dissertation, from the library of the Edinburgh 
University, to be 1754; the other that of his death, which^ 
as Mr Muirhead has shewn, was in December, not Novem- 
ber, 1799, when Black was in his 72d, not in bis 7l8t year, 
as has generally been stated. In illustration of this paper, 
Dr Wilson shewed to the Section Black's blowpipe and ba- 
lance, as well as the trough in which he prepared fixed air 
before his class. 

Dr Dauheny read a Report " on tbe influence of carbonio 

acid on the growth of fema." This was merely a statement 

that the inquiry on this subject was still in progress, and 

that no satisfactory results have as yet been an*ived at. The 

Efems were now growing in an atmosphere containing one 
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per cent, of carbonic acid in excess above that ordinarily 
contained in air ; and altiiougb it was thought similar ferns 
growing under the same conditions, but without carbonic 
acid in excess, were the most luxuriant, it appeared that 
they thrived well in this artificial atmosphere. Mr R. Hunt 
stated that be found the diversified influencea of light mate- 
rially to affect the quantity of carbonic acid which the plants 
could absorb without immediate injury. 

Professor Voelcker read a paper on " the per-centage of 
nitrogen as an index to the nutritive value of food," which 
was highly important, as shewing the objections which apply 
to the present method of determining the nutritive value of 
food by chemical analysis. The nature of the paper, how- 
ever, does not admit of abstract. 

A paper was then read from Mr Henry Taylor, on " the 
chemical composition of the rocks of the coal formations ;" 
and another by Mr J. P. Joule, F.B,.S., " on some amal- 
gams." 

Mr J. P. Gassiot, F.R.S., the well-known electrician, read 
a paper on " a peculiar form produced in a diamond under 
the influence of the voltaic arc." He exhibited to the Sec- 
tion a diamond which had been exposed to the intense heat 
produced by the voltaic battary when arranged as in the de- 
rice for the electric light. The diamond had apparently been 
fused, but instead of changing into coke, as in such circum- 
stances diamonds generally do, it had become a glassy mass, 
and seemed to consist of a multitude of small crystals ad- 
hering to each other. The diamond was examined with 
much interest and curiosity. 

The last paper read was by Mr H, C. Sorby, F.G.S., on 
" the trimorphism of carbon," the object of which was to 
establish the fact that coke was in reality crystallised when 
very hard, and in the same form as the diamond, from which, 
however, it was stated to differ in cry stall ogi'aphic volume. 
Mr Sorby stated that he had also observed anthracite or blind- 
coal in the form of crystals, belonging to the square prisma- 
tic system. 
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a. P. Pratt, G. W. Ormerod, Professor Owen, Profeaaor Rameay, Mtyor lUw- 
linsOD, Mr Smith. 

Sir R, I. Murehiaon gave an account of " the discovery 
of carboniferous fossils in the crystalline chain of the Forez, 
France, and on the age of lines of dislocation betweeu the 
lower, and upper carboniferous deposits of France and Ger- 
many." He stated that no French geologist had noted the 
occurrence of a fossil in the crystalline chains of the Forez, 
but that on his first visit to the banks of the Sichon — a tri- 
butary of the Allier — he (Sir Roderick) discovered that cer- 
tain peculiar and hard grits of the tract contained encrinites; 
and in a second examination he farther detected in the 
schists a few remains of bivalves, univalves, trilobites, and 
corals. The form of one of the best preserved of these bodies 
has a resemblance to a Silurian Leptoena or Chonetea ; bat 
the occurrence of a productus, of a form very nearly allied 
to P. Jimhrialus (Sow.) — so identified by M. de Vemeuil — 
leaves no doubt that the deposit belongs to the lower part J 
of the carboniferous epoch. Another fossil resembles thsl 
palieozoic cypricardia, but approaches nearest to the /"feu-l 
rophorm coatalus (KingJ of the Permian system. A por-l 
tion of the head of a Trilobite belongs to the genus Phil- ~ 
lipsia (Portlock , so characteristic of the British mouatatnl 
limestone; and thus the age of these rocks may he consi-j 
dered t* be determined. In the geological map of Franoc 
theserocksareplaeedas old transition and crystalline; andtc 
, Buch, or for the lower Silurian rocks, they might unquestion-J 
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ably very well have passed, if lithological structure and 
aspect alone determined their age. Tlie schists, porphyritic 
grits, and other varieties of the sedimentary portions of these 
i-ocks, as well as the various porphyries by which they are 
penetrated, are indeed well depicted by M. Dufrenoy, in the 
Memoires pour Servir; and the very locality in question was 
specially described by M. ViaqueBnel. These authors never 
observed fossils ; and hence, judging from mineral character 
only, they have assigned much too high an antiquity to the 
rocks. Sir Roderick having ascended the Sichon from the 
Castle of Busset, for some leagues, to near its source (Fer- 
rieres), found that the eruptions of the porphyry (often very 
granitiferouH) and the schistose rocky grits were unusually so 
metamorphosed and dislocated, tha.t he was wholly unable 
to attempt to define anything like a descending series from 
the above-mentioned lower carboniferous rocks to others, 
which might be considered Devonian and Silurian. Besides 
fossils, he observed two thin bands of scaly, hard, subcrystal- 
line limestone associated with the schists of Busset. In truth, 
the limestones increase in volume near Ferrieres, where they 
are in the state of marble, of grayish, reddish-veined, and even 
of white colours. In order to satisfy himself whether the 
loftier and bolder portions of the chain of the Forez be- 
longed to the same class of rocks as those he had ex- 
amined in its lower and northern end (though they are 
distinguished in the map of France), Sir Roderick made an 
excursion to Thiers. There he recognised precisely the 
same phenomena, but on a grander scale, and in broken and 
picturesque gorges, as he had witnessed along the banks 
of the Sichon and around the Castle of Busset. Towering 
masses of dark gray and reddish quartziferous porphyry, 
with veinstones of quartz (occasionally very like granite), 
have there penetrated in every direction the mutilated schists 
and grits, which can, notwithstanding, be recognised as frag- 
ments of the very same strata as those of the Sichon ; 
although the greywacke, like schist, has in many parts be- 
come a sort of crystalline amphibolic schist, and the grit has 
been converted into quartz rock, In examining the granitic 
and schistose chain of the west of the Limagne, Sir Roderick 
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was disposed to think that parts of it (particularly near I 
reville), will eventually be assigned to the palaeozoic depositAfl 
also; but the engagement to return to the meeting of tbeV 
British Association prevented the completion of researcheftfl 
to establish this point. In the meantime, he calls attention I 
to the importance of the discovery of lower carbooiferooB 1 
foBsils in rockn of so crystalline a nature as those of the 1 
chain of the Forcz. It has long been known that small bat I 
trae coal fields occur in many parts of central France, some I 
of which the author described long ago, in conjunction witJijI 
Sir Charles Lyell. But at that time no geologist could have I 
dared to think that any portion of the crystalline or slat^l 
schist on which these coal-fields reposed uncnnformably conid ' 
also pertain to the carboniferous system. Yet such is the 
fact ; for independent of this discovery in the chain of the 
Forez, M. de Vemeuil had long ago observed that the " pro- 
ducti," and other fossils found at Regny, near Roanne, in a 
system of hilla parallel to the Forez, and of very similar 
composition, unquestionably placed such rocks in the carbo- 
niferous or mountain limestone group of the carboniferous 
system. These facts, as well as the occurrence of numerous 
true carboniferous producti at Sable, in Brittany — where 
these rocks are also unconformable to overlying coal-fields — 
have induced M. Elie de Beaumont to renounce an opinion 
which he formerly entertained in considering the inclined fbr- 
mations as belonging to a different natural group from those 
which are horizontal. In their exploration of the palffiozoic 
rocks of Germany, Professor Sedgwick and Sir E. Murchison 
longago indicated, that the true carboniferous limestone, with 
large producti, near Hof, had been raised up conformably J 
with underlying Devonian and Silurian rocka — (see Traiu.i 
GeoL Soc.) — the adjacent Bohemian coal being horizonti^.1 
Although this indisputable fact — since confirmed by a sub'l 
sequent visit to the tract — was at the time received \a-M 
credulously, it is now sustained by independent evidences ial 
France. The conclusion, therefore, is, that very powerFal'l 
continental dislocations have operated, both in Germany andl 
France, after the close of the deposits of the mountain ora 
carboniferous limestone, and before the accumulation of thai 
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great overlving coal-fields. Seeing the facta now in thia 
light, and M. Elie de Beamnont having introduced a new 
epoch of diaturbonce into his classification, Sir Roderick con- 
sidered the subject to be one eminentlv meriting discnssion at 
a meeting of the British Association, in order to test the 
application of such periods of dislocation to the carboniferous 
series of England, Scotland, and Ireland, — it being under- 
stood that in many tracts of Britain no apparent unconform- 
ability had yet been observed between the carboniferous lime- 
stone and the overlying coal-fields. The existence of such 
dislocations in some regions, and their non-occuiTence in 
others, bear out, he maintains, the view he has long con- 
tended for, that all dislocations are local only, when viewed 
in a general sense. Phenomena, for example, which are true 
in France and central Germany, do not apply to Russia or 
the British Isles. 

The Chairman, Professor Jameson, made some remarks 
on these interesting phenomena. 

Professor Phillips, addressing the Chairman, said, that 
the ideas that had been put forth by Scotchmen on the sub- 
ject of geology were felt in all parts of the world, and that 
his (the Chairman's) teaching was still felt and gratefully 
acknowledged ; and he accounted it an honour to tight under 
the banner that was carried by his hand. Although he de- 
sired to be accounted a palteoutologist, yet he would remind 
them that there were other considerations to be taken into 
account than the nature of the fossils, viz., the geological for- 
mations. He had been asked a question respecting the rela- 
tion of the carboniferous limestone to the coal measures. In 
England there was such an easy gradation that they could 
not well be separated. But the type in England was useless 
for Scotland. General inferences could not be drawn from 
limited duta. 

Prof. E. Forbes read an account of " the Succession of Strata 
and Distribution of Organic Remains in the Dorsetshire Pur- 
becks." — These observations weremade in the autumn of 1849, 
in conjunction with Mr Bristow. The formation had been pre- 
viously described in various memoirs by Prof. Webster, Dr 
Fitton, Dr Buckland, and Dr Mantidl, but not very minutely ; 
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and only twelve species of mollusca and Crustacea had been 
determined, — whereas more than seventy were now enumep- 
ated. The strata examined occur along the coast between 
Weymouth and Dorchester, at Duvlestone Bay, ue^r Swan- 
age, and in the quaiTies at Swindon, Wilts, where the bar of 
the Purheck series is exposed, and corresponds exactly with 
the Dorsetshire beds. After describing these strata. Prof. 
Forbes said : — It is very remarkable that, whilst the Purbeck 
can be divided into upper, middle, and lower, each with its 
peculiar assemblage of organic remains, the lines of demaroa^ 
tion between them are not lines of disturbance, or physical 
or mineral change. The features which attract the eye, such 
as the dii-t.-beds, the dislocated strata at Lulworth, and tlie 
cinder-bed, do not indicate any breaks in the distribution erf 
organized beings. The causes which led to a complete change 
of life three times during the deposition of these freshwater and 
brackish strata must be sought for, not simply in a rapid or 
sudden change of their area into land or sea, but in the great 
lapse of time which intervened between their epochs of depo- 
sition. A most striking feature of the mollusc Fauna of 
the Purbecks is this, so similar are the generic types to those 
of tertiary freshwater strata and those now existing, that 
had we only such fossils before us, and no evidence of the 
position of the rocks in which they are found, we should be 
wholly unable to assign them a definite geological epoch, 
A comparison of these fossils with the collections from th< 
Hastings sand and Weald clay lends the author to believe 
that the Fauna of the middle and upper Wealden seriei 
is almost entirely distinct, as far as species are concerned,, 
from those of the lower or Purbeck division. Some of thaj 
species reputed identical prove to be distinct; and others are^j 
derived from certain anomalous beds near Tonbridge Wells,! 
believed to be true Purbeck strata by the author. The ex-. 
cellent monograph on the Wealden of N. Germany by Dunker: 
and V. Mayer, affords the sti-ongest confirmation of these 
views, showing that the Fauna of the German Wealden 
tially corresponds with the British, and that the organic eoi 
tents of the Purbecks of the Continent correspond with 
and differ almost entirely from those of the upper beds. 
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Sir R. Mtirchiaon remarked on the small physical extent 
oi' the Purbeck strata compared with their palteontological 
importance, confirming the belief that a whole epoch may be 
represented by a few feet of deposit. — -Professor Owen con- 
firmed the inference of Professor Forbes respecting the 
connection of the Wealden with the oolites ; of the large 
Wealden Reptilia, all except the Iguanodon were oolitic and 
not cretaceons. — Profesaor Ramsay stated that the whole 
oolitic series had been deposited tn a diminishing area, with 
the land rising to the west, and the last of the series, the 
Wealden, had been deposited in the estuary of a great river, 
which must have flowed from the north-west at a time when 
what is now Wales and Derbyshire was very high land, — 
Professor Forbes observed, that no inference as to the age 
of the Purbecka conld be drawn, without the evidence of 
geological position ; the freshwater mollusca and Cyprides 
differ less from living British species than the living species 
differed from those of other countries ; the Wealden of Scot- 
land was not identical with that of England, but probably 
belonged to an older period. 

Mr Ormerod next read a paper " On the Gradual Sub- 
sidence of a Portion of the Surface of Chat Moss, in Lanca- 
shire, by Drainage." — This was the continuation of a paper 
read at the Swansea meeting. It was shown by a series of 
levellings made in the last four years, over an extent of about 
200 acres, where drainage was carried on, that a subsidence 
had taken place to the amount of one foot per annum. 

Mr Bryce described " the Lesmahago and Douglas Coal 
Field," and exhibited maps and sections.— This coal-field 
forms a distinct barrier from all the rest, being separated by 
a barrier of old red sandstone ; it measures about ten miles 
by five or six, and contains twelve or fourteen beds of coal, 
amounting in all to sixty-five feet, one bed being fifteen feet 
thick, and another nine. In some of the deep valleys the 
coal is worked on a level. Several bods of clay -iron stone 
occur, averaging eight inches thick, and one black band (bitu- 
minous ironstone) eleven inches thick, is found throughout 
the northern part. Fire-clays have been noticed under some 
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of the coal-beds ; the largest fault is one of twenty-five fa- 1 
thorns, running north-west and aouth-east. 

Mr Landell was of opinion that this coal-Geld was con- 
nected with the Ayrshire coal-field and not separated by old 
red sandstone as described ; tlirougliout the Scotch coal-fields 
the carboniferous limestone was split up into a number of 
beda and intercalated with the coal. — Mr Bryce, in reply to 
a question, stated that he considered all the Scotch coal- 
fields had once been continuous, but bad become more or 
less separated by the outburst of the trap, and in this one 
instance by an upheaval of the old red sandstone. — Mr Hugh 
Miller said there were beda of red sandstone with coal fossils 
overlying the coal, and that it was extremely difficult to 
determine the exact line of junction of the two systems, but 
such a line did esist, and he believed Agassiz was right in 
asserting that no speciesof fish was common to the old red and 
carboniferous series. — Professor Nieol stated that Mr Bryce's 
sections were exceedingly like Mr Milne's Berwickshire sec- 
tions ; he thought that all the red sandstone on the north 
flank of the Lammermuir hills might with more propriety 
be referred to the carboniferous series. — Dr John Fleming 
described some instances in which there were true old red 
sandstone, with scales of the Holoptychiua, followed by 
numerous alternations of very thin coal seams with carbo- 
niferous limestone ; some of the trap rock after its ejection 
appear to have been arranged by water. 
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" On the Hedge Plants of India, and the Conditions which 
adapt them for Special Purposes and Particular Localities,'" 
by Dr Cleghorn. — The author first made some remarks on the 
low condition of agriculture generally throughout India, and 
stated that his remarks more particularly applied to the 
south of that continent, in the district of Mysore. Having 
referred to the importance of hedges in any well-developed 
system of agriculture, he pointed out their especial import- 
ance in a country infested with wild animals, and where the 
crops needed especial protection. The following plants 
were named as those which might he used with advan- 
tage for hedges in various parts of India. Most of these 
plants are characterized hy possessing spines, prickles, 
and thorns, which render them dangerous to animals, — 
Opuntia Dillenii. This plant was originally introduced from 
America, but grew very abundantly, was easily propagated, 
and required little or no soil. It might he used for mili- 
tary defences. Its fruit is eaten. It, however, harbours 
vermin, and is to be used only when other plants can- 
not be obtained. — Agave Americana, another introduced 
plant. It is propagated by suckers, grows easily, and when 
decayed the leaves may be used as fuel. — Euphorbia anti- 
guortim. This, combined with other species of Euphorbia, 
forms an excellent fence. Its juice is very acrid, and care 
must be taken in pruning it. Several species of plants 
belonging to the divisions Mimosese and Cresalpinieae, were 
also mentioned as thorny shrubs adapted for the purposes of 
inclosure. Many of these have elegant flowers. — Acacia 
Arabica yields gum, and the pods and seeds are eaten. 
They are all plants easily cultivated. — The Bamboo {Batn- 
bvsa arwndinaeea) is also a plant highly recommended for 
forming inclosures. Several other species of Banibusa have 
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been employed for the same purpose. — Other plants used for 
hedges are Pandanus odoratisaimus, the lime, the mulberry, 
species of Hibiscus, itc. The paper was illustrated by draw- 
ings of the species of plants described by the author. 

" On Exuviation, or, the Changes of Integuments by Ani- 
mals," by Sir J. 0. Dalyell. — The observations of the writer 
were confined to the family of Oruatacea. He described mi- 
nutely the eliangea undergone by crabs during the process of 
moulting, and, in several instances, counted the number of 
days from one moult to another. These varied from 60 to 194 
days. In all cases he found that no reparation of woundedt 
mutilated, or destroyed parts took place till after the moult 
which succeeded the injury- He described minutely several 
cases in which injuries of various kinds had been repaired. 
In one case of the moult of a crab only the two claws of the 
dermal skeleton were developed, whilst the eight legs were 
entirely suppressed. At the next moult the animal pro- 
duced its usual number of legs. 

Professor Owen wished to express tbe obligations under 
which naturalists were to Sir J. Dalyell for his nume 
observations in natural history. Tbe subject of the present 
paper was one of great interest and demanded farther inves- 
tigation- — Professor Van der Hoeven stated that the remarks 
of Sir John confirmed those of Mr Newport on the change 
of skin and the reproduction of lost members in the family 
of spiders. — Mr Peach said that tbe white colour of the 
young crabs uieutiuned by Sir John was owing to confine-- 
ment. He believed that limbs were only reproduced after' 
exuviation, from his o^rn observations. Amongst the 
Crustacea which he bad observed, the hermit crabs shed 
their skin most frequeittly : — sometimes as often as five or 
six times iu a month. 

" Notes on Crustacea, accompanied by Drawings," by Dif T. 
Williams — The notes were, first, — on the development of the 
ehell. Under this head tbe autbor gave an account of the 
changes observed in the shell daring its growth when exa- 
mined by the microscope. In tbe first place a prodoctioiL of 
cells was observed over the region of the heart. This gradmt* 
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]y spread and formed the upper layer of the dermal skeleton. 
Under thia was formed a layer of pigment cells, and below 
this again layers of smaller cells till the whole integument 
was formed. The younger the animal the oftener this process 
went on,— till at last it went on very slowly or ceased alto- 
gether. Second,— the shedding of the esuvite. This process 
seemed in a great measure under the control of the animal ; 
as when watched it frequently suspended thia operation, or 
when excited, hastened it. It seems to be attended with 
excitement of the nervous system, — as at this period the 
animal was more pugnacious than at any other. Third, — the 
reproduction of limbs. This process only took place after 
the exuviation of the old skin, although a reparative process 
was evidently set up in the injured part. At the moult 
immediately subsequent to the loss of a limb, the new limb 
was not so large as those which represented uninjured 
limbs. 

" A Notice of the Distribution of the Herbaria of the Hon- 
ourable East India Company," was read by Dr Royle. — The 
collections in the possession of the Company consisted of 
the plants collected by Royle, Griffiths, Falconer, Harris, 
Stocks, and others. Duplicates of the specimens contained 
in these collections had been sent to various public bodies. 

" On the Anatomy of the Doris," by A. Hancock and Dr 
Embleton. — The paper contained a description of the differ- 
ent internal organs and embraced several new points, name- 
ly : — Some hitherto unnoticed modifications of the digestive 
organs. A full account of the complicated organs of repro- 
duction and their varieties :. — these organs have long been 
matter of dispute. 

" On the Vertebral Homologies of the Basicranium," by 
Professor W. Macdonald. 

" Remarks on the Anacharis Aldnastrum" by Mr C- C- Ba- 
bington, — who exhibited specimens, — The plant was gathered 
in a river in Berwickshire where it had been seen by Dr 
Johnston ten years ago. It was not, however, till recently 
that it had been recognized as a British plant. It appears 
now to be very generally diffused, — and where once intro- 
duced, to grow with the greatest possible rapidity. In some 
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places where it had not been introduced more than two years 
it had already quite filled up the reservoira or parts of canals 
in which it was growing. A species of Anacharis grew in 
North America ; but Mr Babington considered the British 
species peculiar, and had named it accordingly. It belonged 
to the same order of plants as Vallisneria, and produced its 
flowers in the same way. Although filaments had been seen 
in the staminiferous flowers, no anthers had yet been dis- 
covered in tiie British species. 



Ethnologicu Sdb-Sectios. 
Praidtnt. — Vice-Admiral Sir Chablbs Malcolm, K.C.B. 

7iM-iVen'!l«nU.— Professor J. Y. 8IMPBON ; D» R. G. LArSAM ; 
Rev. iii Edwabd Hinges ; Major Rawlikboic. 

Sicretaty. — Daniel Wilson. E«q. 

Cetwmiate, — Rev. W. L. AlBiander, D.D., Profesaor Backman, FntTenor 
ChriMiwB, Sir Charlee Fellowa, Joaoph Plelcher, Esq., Profesaor Goodalr, 
Dr William Jones, J. Hogg, Esq., Profeesor R. Lee, D.D., Dr Meyer, Pr 
D. Sktte, W. F. SkBDO, Estj., WiUiam Spence, Esq.. William Walker. Esq. 

Dr Edward Hincks read a paper on the Language and Mode 
of Writing of the Ancient Assyriaus; and Professor Kan^ 
gabe of Athens read Notices of some additions made to our 
knowledge of the Ancient Greeks by recent discoveries in 
Greece. 

The communication next laid before the Section by Jtr 
Daniel Wilson, was entitled an " Inquiry into the Evidence 
of the Existence of Primitive Races in Scotland, prior to the 
Celtse." Mr Wilson commenced by fumisliing a slight 
sketch of the previous labours of continental ethnolo^sta, 
and especially of Professors Retzius, and Nillaon, the latter 
of whom has carefully explored the primitive barrows of 
Sweden, and, by the comparison of their crania, has arrived 
at the conclusion that four successive races have occupied 
that country. Mr Wilson shewed, by a series of results 
established on carefully sifted data, that evidence may be 
produced to prove the existflnce of two primitive races in 
Scotland, difi^ering decidedly in cranial characteristics from 



Slatittiea. 

the Celtffi, but also difFering in a remarkable manner Irom 
the two earliest races of Scandinavia, the primitive race of 
the north of Europe, apparently corregponding to the second 
race of tlie Scottish Tumuli, 

An interesting collection of crania was exhibited from 
various Scottish cairns and barrows, and a large diagram 
was shewn in illustration of their measurements and relative 
capacities. The communication excited much interest, and 
led to an animated discussion on various points referred to, 
in which the author was acknowledged to have opened up an 
entirely new field of inquiry, in relation to primitive Scottish 
Ethnology. 

Section F. — Statistics. 
PraidtHt. — Dr J. Lbe. 
Vict-iyaidaiU.- 



SaerefaWu.— Profesior HaNCOCK, Mesen J. StaBK, J, FleTCHBb. 

CcBunillH.—Mr T. Tooko, Colonel Sjkee, Sir J. P. BoUaau, Messra F. G. P. 
Mei»on, G. L. Finlaj, W. T. ThomBon, J. FinUJBon, F. Supwith, W. Jerdan, 
W. Pelkin, J. Bhuttleworth, K. Christie, W. ChnmlierB, Sir C. Lemoo, 
Meaars J. Gibson, J. W. Orpan, J. BiUl. 

" On the Self-iraposed Taxation of the Woriiing Classes in the 
United Kingdom," by Mr G. R. Porter. — The writer referred, of 
course, to that ReJf-iniposed taxation which consists in the use of 
fttticles from which we could very well abstain, which are of little or 
ise to us either bodily or intellectually, and by foregoing the 
consumption of which we should become, individually and nationally, 
fetter able to bear the necessary expenses of Government. The 
particular instances to which he called attention, were the consump- 
tion of ardent spirits, beer, and tobacco ; tlie yearly expenditure for 
which articles in the United Kingdom amounts to a sum which must 
appear perfectly fabulous until the reasonableness of the result be 
shown by means of calculations adopted and formed on good autho- 

ity. Thn quantity of spirits of home production consumed in 1649 

'ithin the kingdom was — 

In England . . . 9,053,676 imperial gallons. 
Scotland . . . 6,933,003 

Ireland . . . 6,973,333 



the duty upon which quantily amounM to £6,793,381. Tha 
wholesale cost, including the duty, would probably anjount to ubout 
£8.000.000, a «um whiah would, however, be very Car short of that 
fiuid by the consumerii. In all trades whioh, liLe that of the dislil- 
lation of spirits, are carried on foj' the supplying of very numerous 
ciiBtoniers. and where the sum paid at any one time by each indivi- 
dual is very email, the retail profits must necessarily be great, in 
order to reimburse the expenses attendant on the trade, and to afford 
a. living to thofae engaged in it. Tt may likewise be fairly assumed, 
that something greater than the average rate of profit would be re- 
quired in order to induce persons with the necessary capital to embark 
in a business accompanied by, or at least liable to, circumstances of 
an unpleasant uliaracter. It is not possible to make any precise cal' 
culatioDS of those expenses and profits ; but a good deal of trouble 
has been taken in order to make as near an approximation as possible 
to the truth, and it haij been given as the opinion of several distillers 
who have been consulted, that the consumer pays for every gallon of 
spirits used three times the amount of the duty. Assuming this 
estimate, it would appear that the cost of British and Irish distilled 
spirits to the people of England, Scotland, and Ireland respectivdj^ 
in 1849, was £17,381,643. thus divided;— 



England 
SootUnd 
Ireland 



£8,838,768 
5,369,868 
3,173,007 

£17,381,643 



To this must be added the sum spent for rum, nearly the whole c 
which is used by the same classes as consume the gin and whisky, c 
which the cost is hcire estimated. The consumption of rum in ISi^l 
amounted to 3,044,758 imperial gallons, the duty paid on wbioty 
was £1,142,865. The class of consumers being the same, and t 
means of distribution nearly, if not wholly, identical, it may fair^ 
be assumed that the cost to the consumer bears an equal relation ti 
the duty with that assigned to British spirits, in which case the e 
penditure for this bind of spirit will reach £3,428,506, making t 
whole outlay of the people for these two descriptions of ardent spiriti; 
£20,810,208, thus locally divided- 



England 
Scotland 
Ireland 



£8,20.';,242 
6.3>'5,11-1 

e,319,8S8 



If, for the purpose of the calculation, we ass 
of the three divisions of the United Kingdon 



e that the popnladol 
as the same in 1610 



it was found to be at tho enumeration of 1841, tlie coii'Jumption 
per bead in the ^ear was— ^ 

In England .... 0'569 gallons. 

Scotland .... 2'6+r ... 

Ireland .... 0'S53 ... 

These proportions are such as would fall to the share of each maUi 
woman, and child, througliout the land ; but it must be evident that 
many, and espocially the women and children, can count for very 
little in the calculation, if indeed they shuuld ni>t be wholly diBcai-ded 
from it. Adopting this latter view, and dividing the quantity con- 
BOmed among the adult mEiles in all ranks of life, as they were aECer* 
tained in 1841, the following portions would fall to tho share of 

In England S'330 gallung, or about 2^ gallons. 

Scotland 11-168 " ll| 

Ireland 3 469 3| 

Srandy is for tho most part drunk by persons not of the workmg 
class, as that term is generally, but somewhat arbitrarily, under- 
stood. The quantity consumed in 1849 was 2,187,500 imperial 
gallons — 

The first or wholesale Mst of which was about £546,876 
And the dnty paM amounted ti> l,6i0,282 



Together . £2.187,157 

The system of distribution is, for the most part, quite diiferent from 
that used with respect to British and colonial spirits, — a large pro- 
portion being purchased in quantities of two gallons and upwards for 
use in private families, so that a. much smaller rate of gross profit 
will be required by the dealere. Some part is, however, sold at inns 
and public houses by the glass, and for this portion a very high profit 
will be received, so that it cannot be considered an over-estimate if 
we assume that each gallon costs, on the averr^e, to the consumers, 
30b. or 50s. per cent, advance upon the import cost and duty. This 
would exhibit an expenditure for brandy of £3,281,250, which, 
added to the sum formerly stated, gives a total expenditure within 
the year for ardent spirits of the enormous sum of £24,091,458. 
The data at command by means of which to estimate the money 
spent for beer in its various forms, is not so satisfactory as that used 
in regard to spirits, but is sufficiently precise to enable us to approxi- 
mate to the truth within a reasonable degree of accuracy. Tho 
number of bushels of malt subjected to doty in 1849 was 37,999,032, 
or 4,749,879 quarters, but of this quantity only 3,719,145 quarters 
is set down as having been used by licensed brewers. Of the remain- 
ing 1,030,734 quarters, the greater part was, no doubt, used by 
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private (amiliea, and Che remainder va& wurkeS up hy the distillera. 
In order to be on t)ie side of moderation, let ua aesuuie that only 
quantity (3,719,146 qu&rtera) used in licensed breweries was em-: 
plojed in making beer, and we shall find, upon the usual calculatioii 
of 3 J barrels of beer, of average quality and strength, as the pro- 
duct of each quarter of malt, that the number of gallons brewed 
from the above-mentioned quantity was 435,139,965. The price at- 
which porter is retailed to the consumer varies with the circumstanced' 
attending the sale. When it is taken away in the jugs of the buyera' 
for consumption elsewhere, the charge is 3d. per quart, or Is. pef 
gallon, but when drunk on the premises of the seller, the chaise 
is one-third more, viz., 4d. per quart, or Is. 4d. per gallon ; a dif- 
ference of price which, considering the check upon exorbitant profits 
offered by the great amount of competition among the sellera, affords 
good evidence of the necBStjity for a large advance upon the actual 
cost, in order to meet and cover the expenses of retail dealers. The 
prices here mentioned are for porter. Ale is higher in price, and is 
retailed at 4d., 6d., or 8d. por quart, according to its quality, which 
mainly depends upon the proportion of malt and hops used in its pro- 
duction. On the other hand, table-beer, which is very lai^elj drank 
in families, is fi-oquently sold at a lower price than Is. per galknii 
but in such cases a smaller or a larger quantity is produced front 
like quantity of ingredients. As no means can be found for deter*' 
mining the quantities of each kind and quality of beer consumed, h 
it be assumed, as very fairly it may be, that taking all qualities inl 
the account, the price to the consumer is a moan between the twa 
prices above stated for porter, viz., Is. 2d. per gallon, and we arrive 
at the sum of £25,383,165 annually spent by the population of this 
kingdom, and chiefly by the labouring portion, for beer. It is shewn 
by a statement recently presented to the House of Commons, that thd 
number of persons who are engaged as producers and distributors of 
beer in England and Wales, is as follows : — 



ch 

y 

ve I 



Brewers, ..... 

Victuallers, ..... 
FeraonB licensed ki keep beer -Louses, 



2,507 

S8,i96 
38,070 



139,073 

The quantity of manufactured tobacco upon which duty was paid i 
1849 was 27,480,621 lb., and of manufactured tobacco and snuff,. I 
205,066 lb., yielding a revenue of £4,408,017, 14s. lid. The | 
retail price ranges from 4s. to 14s. pw lb., 17-20ths, or 85 per cent., ' 
of the whole being of the lowest price here named, and only about I 
2 per cent., being of the highest quality, proportions which were I 
stated by several respectable manufacturers who gave evidenne before I 
a committee of the House of Commons in 1845. On the sama J 
authority we are told that an addition is made of other ingredients in 
the processes of manufuctui'e, auiounting to 15 per cent, upon the | 



85 per cent., which consists of cut or shag, and roll tobacco, while 
the snuff, which comprises 1 3 out of 1 5 parts of the remainder, admits 
of an increased weight to the extent of from 50 to 60 per cent. Ap- 
plying these per-centages to the quantity taken for eonfiumption in 
1849, we arrive at the following results; — 



Shag and RoU Tobac., 65 23,358,529 
Snnff of varigua kinds, 13 3,.'i73,+80 
Segars, . . 2 549,612 



The retail prices, obtained from a respectable shop in a leading 
thoroughfare in London, at this time (June 1850) are ; — 



Good Shag, 
Best do. . 
Bird's Eye, 
aetnrna, . 
Carendisb 



Princes' Mixture, 
Brown Rapee, 
Pale Scotch, 
Do. beet, . 
Black Rapeo, 



The average price of the sii qualities of tobacco here gi7en ia at the 
rate of 5s. 2d. per lb., and that of the five qualities of snuff ts ^s. 6d. 
per lb. The great bulk of the consumption falls upon the lowest 
priced quality of tobacco, which is 3d. per oz. or 4s. per lb. It can- 
not therefore, give an exaggerated vion' of the sum expended for this 
article if we assume tliat lowest price as being paid for the whole. 
In regard to snuif a larger proportion of the whole than in the case 
of tobacco is used by the middling and easy classes, to whom the dif- 
ference of a penny in the price of an ounce of snuff cannot be any 
object, and who rarely, if ever, will buy the most inferior quality. 
The prices, it will be seen, run from 5a. 4d to 8s. per lb. ; if we 
take the mean of these two prices as the average of the whole, i. a. 
6s. 8d. per lb., we shall probably be within the mark. At these 
rates, the cost to the consumers generally will be as follows : — 






26,862,308 lb. of Tobae 
5,537,344 lb. Snuff, at 6s. Sd., 
549,612 lb. English made Segars, at 9s., 

Total for British-manufactured, 
205,066 Foreign- manufactured, at 12b., 

Total value as paid b 



£5,372,461 

1.845,781 

247.325 
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which amount would yield 50 per cent, ubove the uost of the tobacM 
as imponed. and the dutj paid thereon, — a moderate increase to da* 
Trsy all the expenses of manufacture, and the cliarges attendant upon 
the rotniling of an article ni:arlj the whole of which is paid for is 
copper coina. There can be no roaHon to BUspeot that tie amount 
can be at all OTercliarged, whiuh leaves no larger margin than t' ' 
for the gross profits of 209,637 porsonB, the number which, in thft 
year 1848, took out and puid for licenses to deal in tobacco and enu^ 
in addition to 642 persons licenced to manufacture those artialeK 
It must be remembered, that with regard to two of the three arUcle$ 
the expenditure for which Mr Porter had endeavoured to estiraat^' 
an indefinite sum should be allowt^ for tho (quantities illicitly pro 
duced and imported, but as to the aniount of which it is altogether 
impossibla to form any trustworthy oatimato. We know, howev 
from the seizures and discoveries that are continually made, that a 
very large additional amount must be drawn from the pockets of th^ 
people in oi-der to compensate for the risks of the sniuggler and tha 
illicit distiller. 

If it be conceded that the sums here brought forward are justified 
by the facts and calculations oji which they are based, it would sp 
pear, that the people, and chiefly the working classes of Englan^ 
Scotland, and Ireland, vuluntariiy tai themselves for the enjoymeol 
of only three articles, neither of which is of any absolute necessity 
to ths following amount : — 



British and Colonial spirits 



Total of spirits, 
Beer of oil kinds, eiclusivc of that brewed ii 

private families, ' . . . 

Tobacco and Snuff, .... 



£20,810,208 
3.281 ,2fiO 

£24,091,468 



£57.063,230 

At the beginning of this paper it wos remarked, that the amount 
money expended upon articles which, like spirits, beer and tobacoo^ 
are not of first nece8.iity, forms a measure of the prosperity of €b 
nation and of the ability of the community to bear those nationi 
burthens which cannot be avoided, — a remark the justice of whia 
hardly admits of question ; but it would by no means follow that tb 
diminished use of the three articles named would afford proof in it* 
self of lessened means of comfort on the part of the working people 
and of diminished prosperity in tlie nation generally. On the coin 
trary, if it were seen that, as respects gin and whisky, the two and' 
one-third gallons consumed in the year in K:^land~the eleven and 
one-sisth gallons so consumed in Scotland — and the three ai 
gallons consumed in Ireland, by each adult male, were diminished ta 
one-balf ihoso proportions, w\\\\o a Wgn: stie ^q%A4 \ia uSected of 



BDgar, of tea, of anitles of decent clothing, and of other matters 
whereof the females and children should be partakers, there can be 
no disputing about the advantageous nature of the change, and but 
little ground for asserting that the general sum uf prospority were 
lessened. The probability, on the contrary, ia, that money thus 
eipended would afford greater means for employment throughout 
the country in other branches of industry, and thus open additional 
sources of proiiperity to all. There is one consideration arising out 
of ihia view of the subject which ia of a painful character, and which, 
if it were hopeless of cure, would be most disheartening to all who 
desire that the moral progress of the people should advance at least 
at an eijual pace with their physical progress — it is, that among the 
working claasea so sery large a portion of the earnings of the male 
head of the family ia devoted by him to his personal and sensual 
gratifications. It has been computed that, among those whose earn- 
ings are from 10s. to 15s. weekly at least one-half is spent by the 
man upon objects in which the other members of the family have no 
share. Among artisans, earning from 2O3. to 30s. weekly, it is said 
that at least one-third of the amount ia in many cases thus selfishly 
devoted. That this state of things need not be, and that, if the 
people generally were better instructed as regards their social duties, 
it would not be, may safely be inferred froTii the fact that it is rarely, 
if ever, found to exist in the numerous cases where earnings not 
greater than those of the artisan class are all that are ^ined by the 
head of the family when employed upon matters where education is 
necessary. Take even the case of a clerk, with a salary of £80 a 
year, a small fraction beyond 30s. a week, and it would be consider- 
ed quite esceptional if it wore found that anything approaching to a 
fourth part of the earnings were spent upon objects in which the wife 
and children should have no share. The peer, the merchant, the 
clerk, the artisan, and the labourer, arc all of the same nature, born 
with the same propensities and subject to the like iuSuences. It is 
true they are placed in very different circumstances — the chief dif- 
ference being that of their eai'ly training — one, happily, which it is 
quito posaiblo in some degree to remedy, and that by means which 
would in many ways add to the earn of the nation's prosperity and 
respeotafcility. 

Section G. — Mechanical Science. 

I'reiiilent, — Rut. Dr Robinson. 
Viet-PruidetUi.~Mr Geobcje BucliANA-", Professor GOBDON, Mr Thomas 
GBAiNOKtt, Mr John 3cott Rcssei-l. 
f-fentariei.—Dc Lees Bnd Mr David SteveNSow. 
OommiCKi.— Sir John Taylor, Sir Jaiaes Naaniyth. Mr Robert N«pier, Mr 
Roberts, Mr Jamee Leslie, ProroEBor FiHcber, Major-Generftl Pwlay, 
Mr Thomas etevennoii, Mr Whitworth, Mr J. U. Api^ld, Mr P. ObIlt, 
Mr 9. DdHuiag, Mr J Miiier. 



Proceedimgg of the BriUtk AnociaNon for 

The PreBident, Dr KobinsoQ, in taking the chair, oSere^ 
a few ubeei'vations explanatory of the objects of Hie Sectioiu 
These were in fact the application of Bcience to hnman par- 
poses, The Section was formerly in connection with Mathe- 
matics and Physics ; in consequence, however, of the vast 
advances of our mechanical progress, it was found neces&aiy 
to separate them, and to devote an entire section of the As- 
sociation to the development of mechanical science. 

Mr Scott Kuasell read a communication from ThomiaB B. 
Dogson of the Brazils, who had constructed several vessels 
in the wave principle ; the results thus furnished showed ai 
advajitage over the common build of seven to eight in speed 
while in a sailing vessel, the Titania of lOO tons, constructed 
in England on the same principle, the great power in with- 
standing a storm had been satisfactorily established. 

The President, while he expressed the pleasure which he 
had in finding theae wave principles carried out on the Con- 
tinent, regretted that the great amount of information offered 
to the Admiralty on this subject in Mr Kuaseira reporta 
had not yet been accepted. It certainly woald save 
fruitless expenditure. 

Mr Stokes then read a communication from Homerahaia 
Cox, Esq., on the Hyperbolic Law of the Elasticity of Catifc- 
Iron. The paper went into great detail on this interesting 
question, 

Mr Ruthven's communication on his new mode of propel- 
ling steam-vessels was then read by Mr David Stevenson. 
The paper was illustrated by a large model. Tbis led to a 
desultory conversation on the principle, some contending 
that Uiere would be a great loss of power, as much as 
per cent., while Mr Ruthven contended that so iar as bU 
experiments went, they only indicated a loss of 15 per cent 

Mr Macpherson read a communication on a method of 
preventing the bursting of water-pipes during frost. The 
only method he regarded as effectual was that of emptying 
the pipe. This he proposed to do by causing the expansion 
consequent upon freezing, to work a linn so as to shot the 
service pipe and open the waste-pipe. 

Several members expressed their opinion as favourable to 
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ibe'iaeans whicli Mr M. proposed to employ to obviate the 
great expense and inconvenience of anch occurrences. 

Mr James Nasmyth then explained to the Section hia im- 
proTements in forging iron. In forging shafts for the 
paddle-wheela of steamers, for example, it was of most 
essential importance that the shaft should be sound from 
the surface to the centre. The common plan by which the 
section was alternately elongated in different directions, 
could not effect this object. It did, in fact, effectually cripple 
or disintegrate the central parts of the shafts, just as one 
by heating a rod of wood would separate the central fibrea 
and thereby weaken it. To prevent this elongation Mr 
Naamyth forged hie shafts in a hollow wedge, thereby giving 
rise to three forces converging upon the centre, and thus 
securing a complete consolidation of the metal. 

Mr Nasmyth then explained hia method of welding, shew- 
ing that a weld was in general so much weaker than the 
other parts, because of the weld being made fi'om the ex- 
tremitiea towards the centre, thus enclosing within it all 
those omdated and disintegrated portions which, in fact, kept 
the solid forces of the ntetal from coming in contact. He 
proposed that one of the suifaces to be welded together 
should be slightly convex, that the welding should begin at the 
centre when the surfaces were in contact and proceed out- 
wards, thus squeezing out those loose portions, and allowing 
the two surfaces to come in complete contact with one another. 

Several members liaving expressed their high opinion of 
these excellent improvements, 

Dr Robinson said that they bore upon them the impress of 
mechanical genius, addressing themselves as all such things 
did, at once to the understanding and approbation of all, 
and each wondering that they were not found ont before. 



Friday, August 2. 

Section A. — Hatheuatical and Physical Sojencb. 

Mr Follet gave notice of the working of the new Integrat- 
ing Anemometer, He had now adopted Dr Robinson's plan 
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for quantity, which he considered superior to hia own. The 
distance the paper passes over now shews the quantity of 
lur which passes in a given time. For example, one inch of 
paper represents ten miles of air. A clock strikes off the 
hour on the papei-. By these improvements we are enabled, 
by one line, to observe the direction of the wind, the lengtji 
of the cuiTcnt passing, and the time of passing. It is very 
desirable to have observations on larger areas, or over greater 
ranges. On arriving in Edinburgh, he found different cur- 
rents indicated at the Calton Hill from those at Birmingham 
on Tuesday last. The great currents of the atmosphere 
should be first traced all over the earth's surface, and after- 
wards those more local. 

Mr John Tyndell then read a paper on the Magneto-Optic 
Properties of Crystal. 

Mr J, A. Broun presented four papers on magnetic fopcoB- 

Mr Broun next read a paper on the construction of tb© 
suspension threads of the declinometer. 

Sir D. Brewster gave a short notice on the polariunj 
structure of the eye. He referred to the phenomenon called' 
Haidinger's Brushes. These discoveries prove three different 
polarising structures in the eye, — in fact that the eye may 
be a poiariscopo. It was difBeult to see the brushes. Neither 
he nor Haidinger can explain the cause of this property. 
Professor Stokes had also a communication on the same sub- 
ject. He had seen the brushes with great facility ; and he 
described their appearances as seen under various circum- 
stances, and at vaiious positions of the spectrum, having 
traced them over several of Fraunhofer's lines. 

Rev. C. F. Lyon on some phenomena of Mirage on the East 
Coast of Forfarshire. 

Mr Roberts detailed some experiments on the expanaion 
of glass, wood, and metals, from changes of temperature. 

Section B, — Chemistet, 
" On a new and ready Process for the Quantitative Deter- 
mination of Iron," by Dr F. Penny.^The author recommends 
the employment of the chromate and bichromate of potash 
for the estimation of iron in the common ores of the metal: 



fli 



Ohemutrij. 

and especially for the analysis of the clay-band and black- 
band ironstone of this country. He was led to the appli- 
cation of these salts, in the course of some recent investiga- 
tions on the materials and products of the manufacture of 
alum from " alum-shale," in which he was much retarded 
by the want of a ready method for estimating the oxides of 
iron. The chromates of potash give very exact results, and 
possess the great advantage that a much larger quantity 
of material may be operated on than can be conveniently 
treated hy the usual methods. For practical purposes, the 
bichromate is to be preferred. The process requires no other 
apparatus than that commonly used for centigrade testing, 
which is familiar to all persons engaged in chemical pursuits. 
It may be easily and rapidly executed, occupying only a frac- 
tion of the time required for the process of estimating iron 
by precipitation as the sesquioxide ; and it is not interfered 
with by the presence of alumina and phosphates which usually 
exist in the ore. The metliod is based on the well-known 
reciprocal action of chromic acid and protoxide of iron, 
whereby a transference of oxygen takes place, the protoxide 
of iron hecoming converted into sesquioxide and the chromic 
acid into sesquioxide of chromium. 

Mr Hunt then road an elaborate and interesting commu- 
nication on the present state of our knowledge of the chemi- 
cal action of solar radiations. The paper, which occupied 
nearly two hours in reading, cannot possibly be given in brief 
compass. We may state, that it contained a very clear his- 
torical sketch of all that had been done in the investigation 
of the action of light in producing chemical changes, and that 
it entered at great length into the theory of the daguerreo- 
type, calotype, and other photogenic processes, which are 
now so much objects of popular interest. 

Dr L. Playfair then read a paper on the condensation of 
volume in highly hydrated minerals. This paper contained 
the explanation of a very remarkable law, in virtue of which 
it appears, that in many solid bodies, which contain water 
in a state of chemical combination, such a condensation 
occurs, that they occupy no greater space than the water in 
them would if frozen into ice. 
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Dr Anderson then annouDced the results of some importaui 
obBervations on the action of nitric acid upon the vegetable 
alkalis, which he is engaged in prosecuting. 

" On the Influence of Sunlight over the Action of the 
dry Gaaes on Organic Colours," by Dr George Wilson. 
The object of this communication was to report the result 
of a series of experiments made this summer, on the effect 
of daylight in modifying the chemical action of eight dif- 
ferent dry gases, viz., chlorine, sulphurous acid, sulphu- 
retted hydrogen, carbonic acid, a mixture of sulphurous 
and carbonic acid, oxygen, hydrogen, and nitrogen on or- 
ganic colouring matters. AH of these gases were found to 
act more powerfully in changing colours when exposed to 
sunlight than when left in darkness. The effect was greatest 
in the case of the bleaching gasea, especially chlorine, whicli 
the author shewed, may be left for three years in contact 
with colouring matter without bleaching occurring, provided 
moisture is excluded, whereas the same gas, though equally 
dry, was found to bleach dry colouring matter in six weeks, if 
exposed to sunshine, so that a fortnight of sunshine is more 
than equal to a year of darkness in determining the decoloris- 
ing action of dry chlorine. These researches are to he con- 
tinued and extended at the request of the Chemical Section. 

Professor Williamson communicated a paper on the Theory 
of Etherification, which excited much interest, and led to 
considerable discussion. 

Section C. — Geology and Phtsicai. Geographt. 

Robert Chambers, Esq., read a paper " On the Glacial 
Phenomena around Edinburgh." The paper opened with a 
description of the local phenomena, partly with a view to the 
gratification of the strangers present on this occasion, who 
might otherwise remain ignorant of them. Mr Chambers 
described the Corstorphine Hill as a stratum of trap dipping 
to the west, and with a cliff in a line north and south. In 
its crest, which rises to 470 feet above the sea, are three or , 
four transverse clefts. On the west surface of the hill, the 
rock, wherever it is exposed, is found to be rounded (taon- I 
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tonnee), Bmoothed, and grnoved. The grooveB, ami the clefts 
in the crest of the hill, all he in one direction, viz., directed 
to a point to the north of east. There are also long hollows, 
witli rounded intervening swells ; and these run precisely in 
the same direction. At various places between the hill and 
the sea are seen sandstone surfaces, worn down to a remark- 
able flatness and smoothness, and in several instances marked 
with strise, all pointing in the same direction. 

Throughout the valley of the Forth, from the Pentlands on 
the one side to the Fife hills on the other from Linlithgow to 
Dunbar, the sandstone surfaces, wherever they come up, are 
likewise smoothed, and in many instances striated, the atriee 
all pointing to the ENE., or Uiereby. The trap hiils rising 
in this valley are all long and narrow, generally free from 
iibruptness on the sides, often ahraded on the west, and 
genei-ally sloping away gently to the east ; the direction here 
also is always to ENE. Surfaces on the Pentlands and in 
Fife exhibit striation precisely conformable. In short, if a 
deep ice-flow passed through this valley, it might be ex- 
pected to produce precisely the phenomena which have been 
observed. 

The similar markings on other districts of Scotland were 
shewn for the most part, though not without striking excep- 
tions, to be directed towards the east and south. 

Mr Chambers adverted to the theory of debacles, which 
was started to account for these appearances, as now nearly 
given up. Ice was generally acknowledged as concerned in 
producing them, because the appearances were precisely 
those which the existing glaciers produce. But there was 
great room for speculation as to the circumstances under 
which the pi'esumed glacial agent was applied. Mr Chambers 
declined theorising on the subject, but pointed out various 
conditions which any theory on the subject must explain. 
(1.) How ice could move over so large a portion of the North 
American continent, in a direction admitted to be tolerably 
uniform, allowing for slight deviations easily explicable, as 
owing to inequalities in the original surface, and without any 
mountain chain to give it forth. (2.) How this ice was 
capable of ascending slopes and topping mountains many 
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hundred feet high. It must explain how, in such a valley as 
that of the Forth, there could be aa ice-torrent of undeviat- 
ing flow for many miles, and deep enough to envelope hills 
many hundred feet high. 

Mr H. Miller read a com mani cation on pecuUar scratched 
pebbles and foaail specimens from the boulder clay in Oftith- 
neas. 

Mr Miller, when examining, a good many years ago, the 
boulder clay of Roas and Cromarty, in the vain hope, as it 
proved, of finding in it organic remains belonging to it- 
self, waa struck by a peculiarity in the dressing of the 
amaller pebbles which he had not seen described or ad- 
verted to by any writer on the subject. He waa aware 
that many of the larger boulders which it contains are 
scratched and polished like the rocks on which it rests, but 
he was not prepared to find the smaller pebbles scratched, 
and not less deeply than the large onea, in every caau in 
which they were not of too coarse a grain to retain the 
markings, or of too hard a quality to receive them ori- 
ginally. If of limestone, or of a coherent ahale, or of a 
close, finely-grained sandstone, or of a yielding trap, they 
are scratched and polished — invariably on one, most com- 
monly on both their sides ; and it is a noticeable circum- 
stance, that the lines of the scratchiugs occur, in at least 
four caaes out of every five, in the lines of their longer axes. 
Though in many cases, as on the western coasta of the main- 
land of Scotland, — in the iaiands of Skye and Rum, with 
several of the other Hebrides, — in Sutheriandshire, and in 
various localities in the neighbourhood of Edinburgh, he bad 
found the acratched and polished su^'accs diaaociated from 
the boulder clay, in no instance had he ever found the 
boulder clay, if not, as in the case of our common brick 
claya, a re-formation — dissociated from the scratchinga and 
polishings. Now, from those data the inference seems un- 
avoidable, first, tliat the rock on which the clay rests was 
scratched and polished either at the time when it was re- 
ceiving its first coating of the clay, or so immediately before, 
that the markings were not in the slightest degree effaced 
w4ien it was covered up ; and, second, as the pebbles in the 
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entire thickness of the deposit are also scratched and polished, 
that it was not before, but at the time ; seeing that the pro- 
cess of scratching and polishing went on during the entire 
period of the formation, beginningwith its lowest layers, and 
not terminating until its uppermost were east down, The 
dressed aurtaces and the boulder clay are contemporary 
phenomena. The smaller atones must have been fastened 
ere they could have been scratched. Even, however, if the 
force of water could have scratched and furrowed them, it 
would not have scratched and furrowed them longitudinally, 
but across. Simple water could not have been the agent 
here ; nor yet an eruption of mud propelled along the sui-face 
by some wave of translation produced by the sudden upheaval 
of the bottom or shore of the sea. When a large raft of 
wood, floated down a river, grates heavily over some shallow 
bank of gravel and pebbles resting on the rock beneath, it 
communicates motion, not of the rolling, but of the launch- 
ing character, to the flatter stones with which it comes in 
contact. It slides ponderously over them ; and tliey, with a 
speed diminished in ratio from that of the moving power, in 
proportion to the degree of friction below or around, slide 
over the stones or rocks immediately beneath ; and thus, to 
borrow my terminology from our Scotch law courts, they are 
converted at once into Bcratchers and gcratcheeg. For rafts 
of wood we have but to siibstitute rafts of ice, a submerged 
land, covered by many fathoms of sea, for the shallows of the 
river, and some powerful ocean -current, such as the Gulf or 
Arctic Stream, for the river itself, as we at once arrive at a 
theory of the boulder clay and its origin, which seems to 
account more satisfactorily for the various phenomena of the 
deposit than any of the others. 

Mr Maclaren described certain ridges and mounds of soil 
in Glenmessan (Argyle shire), which bore a resemblance to 
the moraines of glaciers. They rise abruptly from the bottom 
of the valley, are composed of materials similar to those of 
moraines, consisting of confused piles of gravel, clay, and 
blocks of stone, and they occupy similar positions. The rocks 
forming the sides of the valley are also smoothed to a great 
height, and exhibit well marked striae and groovings. He 
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remarked that the deep glens of Scotland often presented 1 

shapeless masses of clay and gravel at their lower ends, I 
which might be the materials of moraines modified subse- I 
quently by the action of water. I 

Mr Hopkins made a statement on " the Dispersion of I 
Granite Blocks from Ben Cruachan." He stated that he I 
had detected them on the beach about Oban ; in considerable I 
maes to the northern extremity of the island of Kerrera, and I 
across nearly the summit of the island. He also found many I 
blocks on the shores of Loch Lomond, Loch Long, and Loch- | 
fine, which he thought might be traced to Ben Cruachan aa 
their original source. His observations were as yet imper- 
fect, but he hoped, in the course of the prei*ent summer, to 
complete them. He argued that glaciers must have been 
effective in transporting the blocks from some of the higher 
parts of the mountains to those of the lower levels, when 
they might be subject to other causes, such as floating ice 
and diluvial currents ; and he conceived it highly probable 
that the surface of the land of this region had, during the 
glacial epoch, been submerged considerably beneath the sur- 
face of the sea ; and that a complete transport of the blocks 
had been effected by a combination of the actions of the 
glaciers, floating ice, and currents. 

The Kev. Mr Longmuir, of Aberdeen, then read a paper 
on the Flints and Greensanda of Aberdeenshire, in which he 
gave a view of the geological structure of Aberdeen and its 
vicinity, Illustrating his observationi by reference to the 
geological map. He then de icribed the district in whiirfi the 
flint nodules abounded, as stretching between Peterhead and 
the Hill of Dudwick. 

Professor Hitchcock then read a paper on the Terraces in 
New England, and another on Erosion from river action. Dr 
Becker made some remarks on the constant increase of Ele- 
vation of the Beds of Rivers ; and was followed by Mr Bryce 
on Scratched Surfaces in the Lake District of Westmoreland. 

After the various papers had been read, a general discus- 
sion was invited. The President having stated his opinioDj i 
that Mr Chambers had attributed too much to one set of I 
causes, whereas he was inclined to take them all together. | 
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He had handed a note to Sir John Richardson, asking what, 
in his opinion, was the atrongest power, when he had imme- 
diately answered, that, in the region with which he was con- 
versant, North America, he did not believe that the glaciers 
had any effect at any time, He (the President) believed the 
last action had been that of floating iee. An animated and 
amusing, but unsatisfactory discussion, followed the invita- 
tion of the President. 

Sbction D. — Natural History including Physiolooy, etc. 



Professor Owen gave an exposition of his views upon the 
nature of the segments of the vertebrate skull. His remarks 
were illustrated by a series of preparations of the skulls of 
tile variouB forms of vertebrate animals. 

Dr Lankester read a letter from Mr G. Newport, " On 
the reciprocal Relations of the Vital and Physical Forces," 

Professors Kelland and Goodsir successively addressed the 
Meeting on the subject of Mr D. R. Hay's views of the geo- 
metrical principles of Beauty in general, and more particu- 
larly as applied to architecture and the human form. 

Professor E. Forbes gave an account " of the Infra-littoral 
Distribution of Marine Animals on the Southern, Northern, 
and Western Shores of England and Scotland." — In the year 
1839, a Committee of the British Association was formed for 
the purpose of investigating the natural history of the British 
aeas by means of the dredge. A chief object of the research 
proposed was the ascertaining of the exact relation of the 
Pauna of the British seas at the present epoch, to that of the 
same area during the epoch of the so-called northern drift. A 
vast body of accurate observations and carefully stated facts 
has been obtained. This Report ronsisted chiefly of tables of 
two kinds. 1st, Tables systematically arranged of the species 
of animals dredged, all the depths at which they were taken 
during the inquiries, and the mineral character of the sea- 
beds on which they were found, being stated in each species. 
These tables are extremely full, so far as Mollusca and Ech- 
inodermata are concerned, less so respecting other tribes of 
animals, hut nevertheless more extensive than any yet made 
known. 2nd, Tabulated abstracts of the dredging papers. 
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each separately abstracted; tlie year and place of observa- 
tioD, the distaiicB from shove, (he depth, the ground, the 
number of species of univalve testocea taken alive, and of 
those taken only dead ; the same as regards bivalves. The ' 
number of species of Echinodei-mata, and remarks under ' 
which the creatures taken moat abundantly in each instance 
are recorded. More tlian .1 hundred papers, all relating to the 
district under report, are so abstracted. In these tables the 
region so explored is divided into ten provinces, five upon 
the English coasts and five on those of Scotland, These 
provinces are not arbitrary sections, but represent areM, 
each presenting peculiar geological features. The five 
English provinces are: — 1. The coasts of Dorset and Hania, 
a region peopleii from the general Fauna of the Englislt 
Channel, but deficient in many of the species which give ft 
character to the second province, the coasts of Devon andf 
Cornwall, where we have the most southern type of the Fauna 
of Great Britain, and the greatest number of Lusitanian 
forms appearing. 3. The Bristol Channel and Southern 
shores of Wales, where we have a southern character stilll 
presented by the Fauna, but less intense. 4. The coast oT 
North Wales, where we have the characteristic Fauna of the 
Irish Sea, marked more by deficiencies than by many peca-< 
liar Bpecies. 5. The seas around the Isle of Man, whew' 
the northern and southern types of the British marine Fauna, 
each faintly indicated, meet as it were in the middle 1 
region markedly of the British or Celtic type. 6. The region 
of the Clyde, and the lochs which branch from it, an area 
great interest, for in these great sea-lakes we find as it were 
imprisoned assemblages of marine creatures which remindl 
us of the inhabitants of the Arctic Seas, and strikingly of ths 
population of the British Seas during the glacial epoch. 
The seas of the inner Hebrides, presenting similar pbenOr 
mena, but influenced by the currents of the North Atlanta 
8. The seas of the outer Hebrides and the district aronnj 
Cape Wrath. 9. The Orkneys, where the peculiarities c 
the northern part of the German Ocean come in contact witli 
those of the Atlantic regions; and 10. The Shetland lalei 
where we find the marine races of Britain mingled ahaod* 



antly with crefttures of unquestionably Scandinavian and 
Arctic parentage, not isulated or straggliDg, aa those of simi- 
lar character in the western provinces are, but seated at the 
true bounds of the great boreal province which here inter- 
sects the British Seas. The dredge has been used within 
the area reported on in all depths between four and a hun- 
dred fathoms. Everywhere do we find the diatinction of 
Littoral, Laminanan, and Coralline zones maintained, and in 
the Scottish pi-ovinces, that deeper region to which Professor 
E. Forbes had previously given the name of "deep-sea 
coral," on account of the numbers and abundance of calcar 
reous, zoophytic and bryozoie polypedons procured from the 
^eater depths. Between the coasts of Cornwall and Ireland, 
Mr MacAndrew has dredged and carefully noted the Mollnsca 
inhabiting the region of fifty fathoms ; and it is very curious 
and interesting to observe that only at such depths, and in 
peculiar localities, in the southern part of the British Seas, 
do we find those species of Scandinavian origin which give a 
feature to even the shallower zones in the sea-beds of North 
Britain. The tables now presented shew that whilst certain 
species of marine creatures are absolutely restricted to de- 
fined provinces of depth, those of the Littoral and Lamina- 
tian zones, being especially limited in range, alter ; and not 
,a few have a power of enduring all the various conditions 
between the coast line and 100 fathoms, but in every case of 
wide range there is some portion in each region where the in- 
dividual of each species attains a maximum in number. The 
higher zones of our sea are distinguished by the presence of 
peculiar genera as well as species, but in the lower zones, the 
peculiarity is maintained almost entirely by peculiar species of 
genera, which have a wide bathymetrical range. According to 
the nature of the sea-bottom the proportion of species and of 
.individuals of particular tribes of MoUusca and Eadiata is de- 
termined. Among the foraier, the Acephalous species prevail 
the Paracephalous in proportion to the more sandy or 
ninddy character of the soundings, whilst the latter equal or 
exceed the former when the bottom isofmulUpore, orhard, or 
«boQnding in stones of any size. A comparison of the species 
ofMollusca and Radiata, in the several provinces before 
VOL. XLIX. KO. XCVIII. — OCTOBElt 1850. V 
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eaumerated, .ihewa beyond question tliat there is & distind 
dlBtribution of them horizontally, and that the elements i 
our marine Fauna are derived from opposite directional 
mingled, however, with a general assemblage, of which t 
British Seas may be regarded as the centre. To the inf 
ence of the ReniieU'H current we may attribute much of t 
southern element in our marine Fauna ; to that of cuirentt 
setting in from the north, the Scandinavian and Arctic i 
menta. But wiien all the cases of distribution clearly t 
attributed to such influences are enumerated, there rem 
a residue which we can only explain by going back to ep 
anterior to our own, and to a different conformation of 1 
coast of Europe, and a different set of currents from thoc 
which now prevail. 

" On the European Species of Echinus, and the Pecu] 
ties of their Distribution," by Prof. E. Forbes. — When t 
author published his account of the British Echinodermata, 1 
he Ittid great stress on the distinctive character furnished by I 
the sculpture of the spines in each species. In this communi- 
cation he endeavoured to shew that these chai-acters bear 
deflnite relations to the more important features of the or- 
ganization of the test, and that through them we are enabled 
easily to recognise even the most aberrant varieties of eadi i 
species. 
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The follovving interesting memoirs were read: — 

On the Sicilian and Sardinian Languages, by Mr J. Hogg. 

Remarks on the Present State of the Natives of New Zea- 
land, by the Rev, J. F. H. Wahlers of Otago. 

Observations on the Religious Rites, and the afhrmed 
Practice of Cannibalism, of the New Zealanders, by Dr T. 
Hodgkin. 

Remarks on the Scottish Picts, and on that remarkable I 
event in our national history known as the " Scottish Con- 
quest," by Mr D. Wilson. Mr Wilson went into an investi- 
gation of evidence which indicated, first, that the Picts were 
tile earlier native Celtic race ; that the Scots were alao a 



'Celtic race of later intrusion, and probiibly, as lie shewed, 
passing from Spain to Ireland about the second century B. C. 

Section F. — Statistics. 

Mr G. R. Porter read a long paper, being an inquiry into 
'the question, whether, under our exiatitig social system, there 
'is a tendency for the increasing of capital in the hands of 
those already posseaaing riches ? The result of his paper 
was, that he came to the conclusion, that the feai's enter- 
tained and expressed by many aa to the probable disappear- 
Vane of the middle classes from among ua are unfounded ; 
that it is far fi-om being true that the rich are growing richer, 
find the poor ai-e becoming poorer ; but that, on the contrary, 
[those who occupy a middle station (perhaps the safest sta- 
tion as regards personal respectability, and that which offers 
the surest guarantee for the progress and continued well- 
being of the country), are progressively increasing in num- 
■, and in the proportion which they bear relatively to the 
'population of the kingdom. 

Mr Joseph Fletcher, London, next read a paper " On the 
irelation of Crime and Ignoi-anee in England and Wales." 
The paper stated, that in every light, whether under indus- 
trial or political agitation, the more instructed localities shew 
the most buoyant and favourable chai-acter. A discussion 
took place on the subject of tliia paper, which was partici- 
,pated in by Colonel Sykes, Mr G. B, Porter, Mr F. G. Nei- 
«on, and Professor Hancock. Colonel Sykes said, he hoped, 
in the consideration of this question, that they would guard 
.Ugainst assuming that an increase of crime was necessarily 
knd entirely to be attributed to defective education, for, in 
lis opinion, there were many other elements to be considered. 

Section G. — Mechanics. 
Mr Nasmyth gave an account of his new arrangement of 
the reflecting telescope, by which great additional comfort 
Was afforded to the observer. This consisted in having the 
centering or truniona at the centre of gravity, through one 
of which, in a tubular i^orm, the rays from the reflector with- 

y2 
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in were thrown into the eye thus placed, as in the NeW 
tonian telescope at the side. The advantage from this ela^ 
gant airangement is, that the eye does not require to i 
upon a movement of the telescope. Mr Nasmyth then de^ 
scribed his plan of casting specula, by which all unsotind^ 
ness was avoided. 

Mr Lassell, to whom so much is due in the polishing o 
specula, observed, that if Mr Nasmyth could give an equj 
torial movement, his instrument, he thought, would be pei 
feet. 

Dr Robinson observed, that if any mechanical arrangi 
ment were desired, and this was certainly one, he had no doubt 
that in Manchester could be found the men to achie 

Professor Smyth then gave an account of a new form of 
equatorial at present constructing for the Edinburgh Obser- 
vatory, and a folding dome for extra meridian instruments. 
Professor Smyth in another communication explained a 
mode of cooling the air in tropical climates. This was, 
in the first instance, to condense air by mechanical means, 
Then to allow the air thus condensed, and consequently 
heated, to fall to the common temperature. The condensed 
air thus let loose, and allowed to flow into a room, would, 
by its expansion, lower all the air with which it comes in 
contact. He had tested the principle on a large scale, and 
found it to answer his expectations. 

Mr Taylor knew of men working in one of the Cornwall 
mines at a temperature of 110°. It would now be possible 
to send them down a treat of cold air. 

Mr Rankine said, — In reference to the power required, 
that he had made the calculation, and the result was, that 
one horse working for one hanv lowers 9000 cubic feet of air 
20" ; and, of course, in this proportion for all other ca^es. 
This was exclusive of friction. 

Mr Appold then explained the arrangements in his hydrsr 
metric instrument for regulating the atmospheric moiBture 
of houses, which seemed to answer well. 

Mr Sykes Ward gave an account of his improved ( 
stove, 
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Mondai/, bth Au'jusl. 
' Section A, — Mathematical and Physical Sl-iekce. 

" Report of the Committee on the Instruments for the 
Measurement of Earthquake Waves" was given in. 

" Report of the Meteorology of the Azores," by Mr J. C. 
Hunt, communicated by Col. Reid, was laid before tlie meet- 
ing. 

Dr Martins addressed the meeting in French, " On the 
six Climates of France."— He commenced by stating, that 
France partook of the climates both of continental and sea- 
girt countries. He wished at present to consider six clima- 
toreal subdivisions, viz., — 1, The North-east or Vosgien. — 
2. The North-west of Sequanien. — 3. That of the West or 
Armoricain. — 4, The South-west or Girondin. — 5. The South- 
east or Rhodanien.— 6, and finally, the Mediterranean or 
Proven9al climate. Upon each of these subdivisions he en- 
larged ; detailing the features of the country, the rivers, 
mountain-ranges, sea-coasts, geological structure, diiferenceB 
of level, and state of cultivation in each case, with the pre- 
vailing and most impoi'tant features in the actual climate of 
each. Dr Martins exhibited a map of France with these six 
regions distinguished. He stated, that hitlierto the labours 
of the Meteorologists of France had no channel of publicity 
at their command, but that a journal devoted esclusively to 
Meteorology was about to be established. 

Dr Lee made a commimication " On the Meteorological 
Register kept at Alten and Christiania — and some Observa- 
tions on the British Meteorological Society," 

"The Report of a Committee appointed to examine the 
Effects produced by Lightning on a Tree near Edinburgh," 
was read by Professor Phillips. — The tree in question stands in 
the grounds of Mr Wauchope, at Edmonstone, about four miles 
fi-om Edinburgh, on the Dalkeith road. The surface slopes 
gentlyto the north; the substrata are part of the coal formation, 
and contain at a small depth an abundance of the rich " black 
band" ironstone. The locality appears remarkably liable to 



lightning strokes ; several other trees having been (lestroyed' 
there sinne 1834. The tree examined by the Committee v 
struck on the 11th of June 1849, on a. still sultry day. It is 
an oak tree. It stood in rather a clear space — the surround- 
ing trees being chesnut, elm, Ac. It was a large tree (14 
feet in girth), hut there were others as high, and of rather 
greater diameter, When struck it was full of sap- The 
mechanifal effects of the lightning were violent. The main 
trunk of the tree, which appears t« have stood about 12 feet 
high before sending off branches, was rent from top to bot- 
tom ; some of the branches were broken off; all were thrown 
down and implicated together, and for some distance upwarf 
fissured and twisted ; some of the roots were split for a yard 
or more from the stem. ■ A large mass from the northern 
aide of the ti-ee was driven out, and carried thi-ough the air 
127 feet, in the direction of the magnetic meridian to NNW. 
Its weight was 2 J cwt. The main stem was entirely denuded 
of the bark, which was scattered widely around, but most 
abundantly in a direction opposite to that in which the log 
of wood was conveyed. Shreds of wood were Bcattered to ■ 
the north-west, and left hanging in the trees. What re- 
mained standing of the stem, as well as the parts which had 
been displaced, was cleft into wedges, by vertical radiating 
fissures parallel to the lamins of medullary rays ; anil 
these wedges were again cleft by other vertical fissures- 
concentric to the axis of the tree, and coinciding with the 
annual bands of large vertical vessels, which are conspicuous 
in cross sections of the oak. Where these cleavages pro- 
duced the fullest effect, the wood was divided into long 
slender prismatic shreds like lucifer matches. The smaller 
split masses were much twisted. For all these phenomena 
a simple mechanical cause appears sufficient, viz., an internal 
expansion and bursting of the main stem of the tree along 
the surfaces, which, hy the structure of the tree admitted of! 
the most easy separation, and contained at the time abund- 
ance of liquid sap capable of assuming the form and force of 
elastic vapour. Hence, in the first place, the destruction of 
the main stem by explosion — the projection of the bark and 
woody fragments, and the minute and regular cleavage of the 
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fibres. The stem being destroyed as a aupport, the brandies 
fell in ruiD0U3 aggregation round it. It appears that a labur- 
num tree situated about 12 yards to the east had been twice 
struck by lightning, first (I believe) in 1834, and again in 1844, 
It was split, but not barked. An elm situated about 100 yards 
to the north was struck, and in like manner split, but not 
barked. These differences may, perhaps, be due to the dif- 
ference of structure in the wood ; but in all eases before at- 
tempting to explain the phenomena observed as the effects 
of lightning, it is desirable to be informed of the times of 
year when the trees were struck. The precise points of en- 
trance and exit of the lightning cannot be stated, A small 
quantity of black powder was found in the fissured part of 
the wood, at the base of the twisted branches ; but nothing 
was observed which could determine the course or the chemi- 
cal effects of the electrical agent.* 

" On the Climate of the Valley of the Nile," by Mr T. S. 
"Wells. — The observations extend from the 6th of December 
1849 to the 16th of March 1850. The instruments were 
kept in a cabin in the boat of an invalid. The cabin was six 
feet high, 12 feet broad, and 10 feet deep. Its floor was 
from 1 to 2 feet above the level of the river. The dry and 
wet bulb thermometers, and the barometer were fixed to a 
beam in the centre of the cabin, where they were not ex- 
posed either to the direct or reflected rays of the sun. There 
were six glass windows to the cabin, provided with open 
blinds. Some of these windows were always open during 
the day, so that the morning and afternoon observations may 
be considered to represent the temperature of the open air 
in the shade. Sometimes a window was open until after the 
evening observations, but more frequently this was not the 
case, and to this I ascribe the fact that the mean of the evening 
observations is above that of the morning. A register night 
thermometer was fixed outside one of the windows, and the 
lowest temperature observed each day is recorded. These 
daily observations were made at the hours of 9 a.m., 3 p.m., 
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uid 11 P.M., aod an abstract of these daily obserratioas m* 
exhibited. 

The inean temperature of the air tor the period of my ob- 
BeTTStions at Greenwich, waa 39° 3', on the Nile it was 61 . 
Thna there was a difference of 22 degrees in the mean 
temperature of Egypt over that of Greenwich daring tfaece 
month B. 

The taean temperature of evaporation at Greenwich, was 
37' 4', in Egypt 55', being 18 degrees above the mean at 
Greenwich for the same period. 

The inean temperalure of the dew-point at Greenwich, was 
34^ 1', in Egypt 50° S'. Thus in England the air was aatn- 
rated by the quantity of vapour contained in it at a tempera- 
ture 16 degrees below that at which saturation occurred ra 
Egypt. 

The Tnean elastic force of vapour in Egypt, was 0384, at 
Greenwich 0-214. In other words, the pressure of the watery 
vapour mixed with the air was capable of supporting a column 
of mercury higher by iVo of an inch in Egypt than in Eng- 
land. 

The mean weight of water in a cubic foot of air in Eng- 
land was 3 grains, in Egypt 4 grains and -^g, but still, owing 
to the higher temperature, the air was much drier in Egypt. 
When the tempi^rature of the air is considerably above that 
of the dew-point, the air is dry, dissolving or absorbing 
aqueouii vapour without any tendency to precipitation in the 
form of rain, and it is dry in proportion to the difference be- 
tween the two temperatures. Thus, although the mean 
weight of water in a cubic foot of air waa greater last winter 
in Egypt than in England, yet the air was much more nearly 
saturated with moisture in England than in Egypt. At 
Greenwich the mean additional weight of water required to 
saturate a cubic foot of air was only ^ of a grain, while on 
the Nile it was 1 grain and j. If we represent air com- 
pletely deprived of moisture by Zero, and air completely 
saturated as unity, tlie mean degree of humidity on the Nile 
was 76 per cent., while at Greenwich it was 85 per cent. 

The mean readings of the barometer in the two countries 
very nearly approach each other ; in ligj'pt being 29*99, at 
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Greenwich 29'87. A glance at the table, however, shewed 
how very small the extreme range of the inatrnment was on 
the Nile. 

The aterage weight of a cubic foot of air at Greenwich was 
549 grains, in Egypt 527 grains. 

Rain fell in various districts of England on averages 
firom 31 to 61 days, while in Egypt it only fell on 5 days, 
and on three of these a shower was of hut a few minutes' 
duration. On two days rain fell heavily at Cairo for several 
hours. 

The mean daily range of the temperature of the air at 
(Jreenwich waa 11-37, in Egypt lOSl ; but while the mean 
extreme range in Egypt was 38, at Greenwich it was but 29 ; 
the mean extreme range in the cabin being only 7 degrees 
below that on the grass at Greenwich in the open air. 

Fog was occasionally but rarely observed. It was general 
in the Delta in the early morning ; but above Cairo waa only 
observed on three occasions. 

" On the Causes of tlie Rise of the Isothermal Lines in 
the Winters of the Northern Hemisphere," by Mr T. Hop- 
kins. — Mr Hopkins examined some of the isothermal lines 
exhibited in the maps recently constructed by Professor Dove, 
and objected to the theory which is put forward to account 
for the irregular rise of the winter isotbermals in the 
Northern Pacific, Atlantic, and Arctic Oceans, through the 
warming influence of the water of those oceans. 

" On the Daily Formation of Clouds at Makerstoun," by 
Mr T. Hopkins. — The author went into an examination of 
the meteorological registers kept at Makerstoun, for the 
year 1844, to prove that the facta registered were in har- 
mony with and tended to establish the theory he had ad- 
vanced, that the horary fluctuations of the barometer were 
attributable to the daily vaporization of water by the sun, 
and the daily condensation of a portion of that vapour into 
cloud. The great difficulty being to account for the fall of 
the barometer from ten in the morning till four in the after- 
noon. At Makerstoun, the state of the atmosphere as to 
cloud was registered by noting an overcast sky by 10, and a 
cloudless sky by 0, and intermediate states by intermediate 
numbers. The state of the wet and dry bulb thermometers 



346 Proceedingt of the BritUh Atsaciation /or lf*50. 

was also regularly noted, shewing both the activity of vapori' 
zatio^ and the tension of vapoui'. 

" 6n the Passage of Storms across the British Islands," 
by Mp R. Russell. — The views of the writer were illustrated 
by reference to the storm in October last. 

" On Meteorological Phenomena at Huggate, Yorkshire, 
for 1849," by the Rev. T. Rankine. 

Section B, — Ciibmestry. 

An interesting communication was read from Professor 
Matteueci of Italy, announcing the law determining the way 
in which the earth conducts electricity, when used instead of 
a wire as part of the electric telegraph. 

The second communication was by Dr Scoffern, on a ne* 
process for the Manufacture of Sugar from the Sugar-cane, 
as it is practised in the south of Spain. In this process, 
sugar-of-lead is used to purify the juice of the cane ; and an 
immense saving attends its use. Professor Gregory spoke in 
favour of the process, and pointed out the freedom of the 
sugar so produced from any compound of lead, except occa- 
sionally a little sulphite, which he stated 
Professor Christison, on the other hand, cautioned the Section 
against accepting as a fact the statement which had been^ 
made, that the presence of a small quantity of sulphite 
lead in sugar would not prove injurious to health. Varioi 
other members joined in the discussion. 

Dr J. H. Gladstone and Mr G. Gladstone read the third' 
paper, which detailed some curious and important expei> 
ments on the growth of plants in atmospheres of the differ* 
ent gases. These are to be continued at the request of the 
Section. 

Much interest was excited by Dr Lyon Playfair's papef 
on the relative values of the dietaries in use by the differeni 
classes of the population. This gentleman has, at an enor* 
mous expenditure of time and trouble, classified and aoft* 
lyzed, in a very satisfactory way, the tables of diet used all 
over the country, by every class of the people. The result^ 
as Dr Playfair shewed, is that we are as yet, in spite ol 
vail the improvements of chemistry, in almost total iguoi 
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ance of the exact nature and quantity of the food required 
for the maintenance, in a healthy condition, of any of the 
clasaes of our population. He established this by a variety 
of most valuable tablea, the importance of which was ac- 
Icnowledged by various niemberB of the Section, 

" On the Air and Water in Towns, and the Action of 
Porous Strata on Water and Organic Matter," by Dr R. A- 
Smith — It is a matter of great importance to find from what 
Bource it is best to obtain water for large towns, and how it 
is to be colleeteil. To these points Dr Smith particularly 
directs attention. Regarding the conditions of many springs, 
which never become muddy, but possess a constant brilliancy 
and a very equal temperature at all seasons of the year, the 
author thinks that there is a purifying and cooling action 
going on beneath. The surface water from the same place, 
even if filtered, has not the same brilliancy ; it has not the 
same freedom from organic matter, neither is it equally 
charged with carbonic acid or oxygen gas, — there are other 
influences therefore at work. The rain which falls has not 
the purity, although it comes directly from the clouds ; it 
may even be wanting in cleanness, as is often the case. 
Springs rise through a great extent of soil, and collect a con- 
siderable amount of inorganic salts ; and it is shown by Dr 
Smith that their purity is due entirely to the power of the 
Boil to separate all organic matt«r, and at the same time 
to compel the absorption of carbonic acid and oxygen. The 
amount of organic matter removed in this way, by its com- 
bination with oxygen, is surprising, and it is a most im- 
portant and valuable property of the Boil. The change 
even takes place close to ceas-pools and sewers ; at a very 
short distance from the most off'ensive organic matter there 
may be found water having little or none in it. As an agent 
.for purifying towns, this oxidation of organic matter is the 
most extraordinary, and we find the soil of towns which 
have been inhabited for centuries still possessing this re- 
markable power. St Paul's Churchyard may be looked upon 
as one of the oldest parts of London, yet the water from the 
wells around it is remarkably pure, and the drainage of the 
Boil is such that there is very little of any salts of nitric acid 
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in it. If the soil, says Dr Smith, has such a power to decom- 
pose hy oxidation, we want to know how it gets bo much ol 
its oxygen. We must, however, look to the air as the only 
source, and see how it can come from it. When water be- 
comes deprived of oxygen, it very soon takes it up again, 
as may be proved by experiment. This shows us, that as fast 
as the oxygen is consumed by the organic matter it receives 
a fresh portion, conveyed to it by the porous soil. Several 
experiments of the following character were given, to show 
the filtering power of the soil. A solution of peaty matter 
was made in ammonia ; the solution was very dark, so thai 
some colour was perceived through a film of only the twentieth 
of an inch in thickness. This was filtered through sand, and 
came out perfectly clear and colourless. Organic matter dis- 
solved in oil of vitriol was separated from it by a thickness fif 
stratum of only four inches. A bottle of porter was by the 
same process deprived of nearly all its colour. The material 
of which this filter is made is of little importance. One of 
the beat, according to Dr Smith, as far as clearing the water 
is concerned, being of steel filings, — oxide of iron, oxide of 
manganese, and powdered bricks all answering equally welL 
This shows that the separation of the organic matter is due 
to some peculiar attraction of the surfaces of the porous masB 
presented to the fluid. — This paper was a continuation of Dr 
Smith's Report, published last year; and he purposes con' 
tinning the inquiry. 

" On the Incrustations whicli form in the Boilers of Steam- 
Engines," in a letter addressed to Dr G, Wilson, FJl.S.E., 
by Dr J. Davy. This communication will be found at pf^ 
260, 

Professor Voelcker then read a paper on the proportion of 
phosphoric acid present in natural waters ; and the conclud- 
ing one was by Professor Chapman on the isomorphous relft- 
tions of silica and alumina. 



Section C.-— GEOi-oaY and Phtsical G-eogbaphy. 

The first paper read was by Professor Hitchcock of N. 
America, on the effects of river action in wearing down 



Btrata, and on the raised sea margins of New England. The 
Professor took a general view of the eifects of river action as 
contrasted with the waters of the ocean in eroding the terra- 
queous surface, and pointed out the various kinds of action 
as illustrated by the rivers of America, as well as those of 
other parts of the world. His general conclusions were, 
that the hollowing out of river channels, as well as that of 
valleys through which they flowed, was in a considerable de- 
gree owing to the eroding effects of their waters, and that 
the time required for their erosion was in the ratio of the 
liardness of the rocks over which they flowed. He was of 
opinion, too, that the various kinds of terraces, and the so- 
called sea margins, might be accounted for by the gradual 
operations of rivers and the ocean, without having recourse 
to the supposition of our sudden catastrophes. The Pro- 
fessor also entered into an explanation of the diluvium or 
drift, and the various layers of firm mud, gravel, and larger 
pebbles of which it was composed, — stating that, where the 
drift was found separated into these three states, he was 
inclined to believe that the separation was effected by an 
aqueous agency posterior to its original deposition, and that 
this upper or newer portion might be characterised by the 
name of modified drift. 

Professor Sedgwick was compelled to some extent to differ 
from the opinions of the learned American geologist, and 
maintained that the general course of rivers was entirely 
dependent on the natui-e of the surface over which they 
flowed, and that from tho natural laws of hydraulics their 
waters sought the readiest and easiest outlets for the cur- 
rents, instead of wearing down and scooping out those chan- 
nels, and argued that one great and marked peculiarity of 
the present surface of the earth, whereby it was elevated into 
mountain and depressed into valleys, was due to the great 
and sudden igneous convulsions to which this surface had 
been subjected. In respect to elevated sea-beaches, too, he 
stated that these owed their origin to upraising of the land, 
not to recession of the sea. He did not deny that local and 
limited effects were being produced by river action in the 
present time ; yet these, in respect to the magnitude of the 
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eiFects attempted to be attributed to tbem, were but insigni- 
ficant ; and, indeed, nothing was more ditlicult in geology t^an 
to attempt to connect present events with the past. 

Colonel Portlock supported the views of Professor Sedg- 
wick ; while the statements of Sir C. Lyell were advanced by 
others in favour of the erosive agency of rivers. 

Professor Hitchcock, in reply, disclaimed that the purport 
of his statements went to establish the erosion of rivers as 
the only cause of the formation of valleys. 

Dr Becker then read a paper " On the Constant Increase 
of Elevation of the Beds of Rivers." 

An interesting account of the discovery of " A Tertiary 
Fossiliferous Deposit underlying Trap in the Island of Mall," 
was communicated by the Duke of Argyll. — The island, 
according to Professor Jameson, consists chiefly of trap, 
granite, gneiss, and mica slate, all of which arc seen in tha 
small bay near Ardtun, and at this place are some small layi 
of brown coal interatratified with columnar trap. A litije 
north of the bay is Ardtun Head, a perpendicular cliff of 130 
feet, intersected by a deep fissure or ravine, accessible from 
the moor above. The cliff, the Duke remarked, consists 
of the following horizontal beds : — 1. At the top, 20 or 30 feei 
of rudely columnar trap ; 2. A thin laminated stratum con- 
taining fossil leaves ; 3. Volcanic ashes ; 4. A second leaf- 
bed ; 5. A second bed of volcanic ashes ; 6. A third leaf- 
bed ; 7- Amoi-phous trap ; 8. Columnar trap, occupying the 
base of the cliff'. The volcanic ash-beds are undistinguisb' 
able from some modern formations at Vesuvius, and from th* 
tuff" at Madeira and Auvergne. The at- cond leaf-bed is li to 
feet thick, and in its lower part is a mere mass of vegetation. 
In the third bed the leaves are less numerous, and imbedded 
in a volcanic mud. which now forma a bai-d trap ; the 
leaves are black and look charred, but this is not necessarily 
the case : no trunks, boles, or even small twigs were found. 
From these appearances the Duke concluded that the leaves 
had accumulated from autumn to autumn in a shallow lake, 
and had been overflowed by soft mud, in which they were pre- 
served. The only indication of living animals found witi 
the leaves waa the track of a worm. Chalk flints were found 
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entangled in the trap. The Duke also mentioned that the 
first recorded visit to this spot was paid by Dr Johnson in 
1773. In 1790 Mr Mills (Phil. Trans.) visited the ravine, 
but did not notice the leaf-beds ; and subsequently Professor 
Jameson and Dr Maculloch had coasted the island and de- 
scribed its general geognosy. 

Professor Edward Forbes stated that the leaves were in a 
very beautiful state of preservation, and belonged to species 
of plane, alder, pine, equisetum, and some others. From the 
presence of flints the deposit appeared to be newer than the 
chalk, whilst in the latest tertiaries only vegetable remains of 
a more boreal character were found. The leaves most re- 
sembled some eocene specimens from Styria, figured by Dr 
Unger, and those found in the (eocene) pipe-clay beds of the 
Isle of Wight. Sir John Hichardson had also discovered 
leaves of similar character at Mackenzie River, in Arctic 
America. Fossil leaves and brown coal occur with layers 
of trap in Iceland, an island composed chiefly of trap and 
tertiary rocks. Professor Oldham mentioned the occun-ence 
of similar fossil vegetable remains associated with trap in 
Ireland — but the merit of proving the tertiary nature of the 
brown coal in the Island of Mull is due to the Duke of 
Argyll. 

Sir R, I. Murebison exhibited and explained a " Geological 
Sketch-map of Spain," communicated by M. E. De Verneuil. 

Professor Nicol, of Cork, read some observations on the 
Promontory of Cantyre, in Argyllshire. This communica- 
tion will be found at page 385. 

Mr R. Harkness read some observations on " the Repre- 
sentatives of the Mountain Limestone as they occur in the 
south and east of Dumfriesshire," also on " the so-called 
Fossil Footsteps in the variegated sandstone of Dumfries- 
shire and Cheshire," 

ir William Jardine exhibited specimens of these foot- 
prints from Dumfriesshire. 




Section D. — Natural Histort, including Physiolooy, BoTAjnTj 
AND Vegetable Physiology. 

Professor A. Voelcker. — On the influence of Salt on Ve- 
getation. 

Dr Lankester. — On the Epidermal Appendages of the o^ 
der Halorageffl. 

J. T. Mackay, LL.D. — On Dracaeno Draco. 

ProfesHor Royle, F.R.S. — On the species of Gossypiuro, and 
the effects of climate in altering the characters of Cotton. 

Mr George Read. — Ohservations on Ropy Bread. Com- 
municated by Dr Lankester. 



Professor Van der Hoeven. — On the genus Pei-odicticua of 
Bennett, and its relation to Stenops. 

Dr H. Lowe- — Report on the Progress of Entomology is 
Scotland during the last few years. 

Professor AUman. — Report on the present state of onp 
knowledge of the Fresh-water Polyzoa. 

C. W. Peach, Esq. — A list of Zoophytes from the vicinity 
of Peterhead, with a notice of three new to the British list 

Professor E. Forbes, J, Gould, and G. Busk, Esqs. — ^No- 
tices of the Zoological Researches of tlie Naturalists ander 
the late Captain Owen Stanley, in H.M. Ship Rattlesnake. 

Geo. Busk, Esq.— On Zoophytes from the shores of Africa. 

Eehnoloffical Sub-Seclion, 

Bey. Dr Edward Hincks. — Observations on the Language 
and mode of Writing of the Ancient Assyrians. 

Major-General Briggs, — On the Aboriginal Tribes of In- 
dia. With illustrative Map and Drawings. 

Physiological Sub-Section. 

Dr Tilt. — On the period of First Menstruation in different 
Countries. 

Dr M' William, R.N.— On the use of the Bofareira (.fiici- 
nus communis) of the Cape de Verd, as a means of exciting 
Lactation. 



Dp Laycock. — ()n the relation of Consciousness to lletlex 
Or Automatic Actimi. 

Dr Carpenter, F.R.S.— Ou tlie Relative Functions of the 
Cerebral Hemispheres, and Sensory Ganglia in Intel lectuuJ 
Operations. 

Dr J. Dalziel. — On Hysteria, Hydixjphobia, and other Oon- 
Tulsive Affections, containing an Analysis of the Phenomena 
of Watei-- dread. 

Section F. — Statistics. 

G. R. Porter, Esq., F.R.S. — Remarks suggested by an exa- 
mination of the. recent Statistics of the Cotton Manufacture 
fn Great Britain. 

r. G. P. Neison, Esq. — On t!ie rate of Mortality among 
the Provident Classes in Gei-many, and in Great Britain. 

Professor W- P. Alison. — Account of the system of Oroft- 
iiusbandry adopted at Gairloch in Ross-shire, chiefly on waste 
lands, since 1846, and its result, as illustrating the condi- 
tions under which the labour of Paupers and Criminals may 
Jjafely be made productive. 

Mr A. Keith Johnston read a paper " on the Geographical 
jfiistribution of Health and Disease, as indicated by natural 
phenomena," which was illustrated by numerous very inter- 
esting maps and diagrams ;— 

Since the time of Hippocrates a belief has existed that the 
development of the moral and physical faculties of man ia 

Eependent. not on original organization only, but also on the 
tmosphere by which he is surrounded, and the nature of the 
soil on which he is reared ; and modern researches in phy- 
sical geography, combined with statistical investigations in 
iOiedical science, have confirmed this opinion. Sweden fur- 
nished the first tables of mortality, since then England, 
France, Prussia, and the United States of America, have 
teach contributed systematic statistical returns, and thus a 
wast mass of material has been accumulated, 'from which 
valuable conclusions may be deduced, especially since it ia 
bnown that, diiring a similar series of years, the same dis- 
H reappear with the must astonishing regularity, both as 
VOL- XLIX. NO. XCVIII. — OCTOBER 1850. Z 
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to periodicity and exteut, and with reference to moral aa wi 

as phyBical causes. 

The charts exhibited abowed tbftt endmnic fever, inclndinf^i 
remittent and inteiinittent fever, prevails in North AmmcS) 
the West India Islunds, the west coast of Africa, Syria, South 
Italy, the Ionian Islands, and in general in the low marshy 
districba of warm countries. Yellow fever is endemic 
North America and the West India Islands, between laAttade 
5° and 40" N., its northern limit in Europe being the lati- 
tude of Gibraltar. Diseases of the digestive organs are 
most prevalent in India, West and East Africa, the Cape of 
Good Hope, England, Guiana, &c. Disease of the liver 
greatly predominates in the East Indies; while consumptjou ' 
is most conspicuous in Great Britain, Newfoundland, Canada, 
and Jamaica, Dropsy is most prevalent in West Ainca, 
Great Britain, and Guiana, Among the different counlnefl 
the most striking contrasts are sometimes exhibited ; thus 
the west of Africa is to Eui-opeans the most fatal ; while 
soutli-east is the most healthy country in the globe. 

Although many causes besides that of climate contribute' 
to produce tliese results, yet generally, both in countries and' 
in cities, the chances of longevity are gi-eat!y in favour of 
northern latitudes. Of the former we find near the bottoiB. 
of the scale, Java, as indicated by Batavia ; some of the Weat 
India Islands, Sicily, Naples, &c. ; and near tJie top, Norway 
and Sweden, and portions of England. In all cases cities 
are less healthy than rural districts. Of these the lowest is 
Vienna and the highest London, from these results it 
pears that a cool or cold L:limate near the sea is the 
favourable situation for health and longevity. Among 
causes of mortality not dependent on climate may be noted 

1, Poverty and want among the lower classes of a community 

2. Close and ill- ventilated lodgings, whether in hospitals, 
prisons, or private dwellings ; 3. Unhealthy or excesBivi 
labour, especially in youth; 4. Intemperance and dissolnl 
habits ; and, 5. War. 

The proportion of deaths from consumption in differei 
countries indicates how little mere climate has to do wil 
the extent of this disease ; since, while it is almost unkno' 
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in the Madras PreHidency of India, it is more frequent at the 
Cape of Good Hope than in the northern States of America, 
nearly even in Britain and in British North America, 
nearly the same at Gibraltar as in the West Indies gene- 
rally, and more fatal among European troops in Jamaica. 
Remittent fevershowaanalmost regularly progressive increase 
with the increase of temperature from the North St^atea of 
America to Jamaica, where the deaths, among Europeans, 
ajnount to 102, and among the black troops, only 8 per 1000. 
Of diseases in the digestive organs, in the United States the 
number of eases is 526, and deaths 14 per 1000; while in 
Britain the cases are 95 per 1000, and the deaths only 1 in 
2000 of the population. 

Rheumatism is most prominent in Britain and least in 
Halta. In Asia it is least among Europeans in the Tenas- 
.■erim provinces, and greatest in the Madras. 

The influence of climate is moat powerfully evinced in the 
tiaental and physical degradation produced by malaria on the 
inhabitants of the moor and marshy districts of tropical ra- 
dons; but, even in Europe, its effect on the amount of 
mortality is much greater than is generally understood. 
Thus in the smiling plains of southern Italy the rate of 
mortality is nearly twice as gi-eat as in the cold region of 
Scandinavia ; and this proportion appears to be held in all 
feountries. 

Temperature alone has a great effect on the production of 
idlsease; the Registrar- General calculates that a fall of the 
,n temperature of the air from 45 deg. to 4 or 5 deg. be- 
low zero, destroys from 300 to 50O of the population of London. 
In order to judge of the effects of the climate it is neces- 
sary to compare the amount of sickness and mortality among 
■the indigenous population of a country with that of strangers 
to the soil. Now, we find that in all India the average 
jklnount of mortality among European troops is nearly three 
tfanes as great as among natives, that while seventy-five per 
^nt. of the European troops died at the Gamola, the morta- 
lity among the black troops was little more than two per 
fecnt. ; that the number of deaths from cholera in India is 
twice as great among Europeans as among natives, that the 

z2 
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native ti'oiips in Bombay are as healthy as the British troop^ 
are in England. These coniparlsoiiH will be found to be con- 
firmed in all the tither colonies. 

Perhaps the most striking result exhibited by the tablet 
ur diagr^ims is the great amount of mortality among ■ 
military as compared with the nnval service, or with the civil 
population of a country. When it is remembered that tli^ 
former are selected with a special view to health, while the 
latter are t;ilen [i-omiacuously, an opposite result migh^ 
have been anticipated. In Britain the number of deatha 
among the troops, generally, is 15 per 1000, while s 
officers and the civil population it is only 9 per 1000. 
France the returns of the army of the interior show a mor- 
tality of 18 per 1000, while among the civilians it is 10 per 
1000 ; and this is exceeded in all the colonies. In tho isl 
of Barbadoes the mortality among civilians is not more than 
I4perl000, while among European troops it is 58 per lOOO. 
As compared with the mortality in the navy the crews la 
the Mediterranean, South American, and Home Station, are 
all greatly more healthy than any European troops, the 
average mortality being [) per 1000. In the East Indian 
command the average is 15 per IflOO, coiTesponding witfe 
that of the troops in Britain. In the West Indian and NortJ 
American command it is IS per 1000, being the same a 
amcing the British troops at Malta, and in the Cape of Goo( 
Hope, and West Africa command, where the mortality among 
the troops is 450 per lOOU, or 45 per cent., in the navy it is 
only 25 per 1000, or 2^ per cent. 

The effect of the means adopted for checking disease in 
the tliree great co\mtriea of England, France, and (•ermajiy, 
during the past century, are such that while formerly one oat 
of every 30 of the population died each year, now the average 
is one in 45 — reducing by one-half the number o 
these coimtries. In the year 1700 one out of every 25 t 
the population died in each year in England In 1801 th^ 
proportion was one in 35, in 1811 one in 38, and in 1848 o 
in 45, so that the chaiices of life have in England neartj 
doubled within 80 years. In the middle of last century tfe 
rate for Paris was one in 25, now it is one in 32. 



Section G, — Mechanics. 

Mr Lassell gave an esplicii account of liU new methtjd of 
supporting a large speculum free from Benaible flexure in all 
positions. This he proposed to do, when in a horizontal posi- 
tioD, by supporting it at eighteen different points, on which 
the weight might bear equally ; and by casting the speculum 
with ribs, he proposed to adapt levers, that when the tele- 
elevated tbey might hear the weight amung them, 
^nd thus prevent it from disturbing the true form of the 
speculum. 

Dr Robinson said that it appeared to him that the siigges- 
tJQQB of Mr Laasell would remedy the annoying evils which 
every astronomer had to contend with. 

Mr Whitworth's communication on a new Duplex Turning- 
Lathe was then made by Mr Scott Russell. The improve- 
ment suggested not only doubled the quantity of work, but 
did it in a much bettei' style. 

Mr George Beattie then gave an account of his new Door- 
spring, the motive power of which is tlie pressure of the 
atmosphere. The principle of this excellent contrivance is 
simply this — to cause the opening of the door to move an 
air-tight piston from the closed end of the cylinder to the 
open end ; the atmosphere then acting upon the piston, forces 
it back, and thus closes the door. Several members expressed 
themselves in terms of high approbation of Mr Beattie's con- 
trivance. 

Mr Stevenson made a statement of the result of certain 
observations made by him on the force of the waves with 
reference to the construction of marine works. The result 
of the experiments hitherto made may be stated to be a force 
of about Ij tons per square foot for the German ocean, and of 
3 tons for the Atlantic ocean ; the experiments from which 
these results were obtained being made at the Bell Rock and 
Skerryvore Lighthouses. 

Mr Swan then brought forward his communication on the 
*' Limits to the Velocity of Revolving Lighthouse apparatus, 
caused by the time required for the production of Luminous 
impressions on the Eye." 
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Dr RobioBon, the President, in introducing Mr Budd tf 
the Sei tion, said, the subject un which that gentleman v 
about to speak was one of very great importanfe to the iron 
trade of this country. According to the present system, xa 
iron founder, in melting a ton of iron, sent out into the atmo- 
spbei-e about four tons weight of gaseous prodncta, all of" 
which were entirely lost. Now, Mr Budd had satisfactorily 
proved, hy actual experiment, that the heat which escaped 
from the tops of blast furnaces was a matter which the iron 
manufacturer might turn to material account in the way of 
increasing his own profit, as well as in diminishing the price, 
to the purchasers of that commodity. 

Mr Budd stated that, since the meeting of the Association 
at Swansea, he had continued, and with increased success, 
to apply the waste gases that escaped from the top of blast 
furnaces, to the manufacture of iron ; and it was the result 
of his farther experience applied to the whole of his furnaces 
(nine in number) since that period, that he now wished to 
submit to the Section. He considered that he could not have 
faHen on a better locality for this purpose tlian Scotland, 
where the iron trade has been developed with a rapidity that 
is quite surprising and quite characteristic of the enterprise 
of Scotchmen. Twenty-five years ago. Scotland was of no 
importance in the iron trade, but, since then, the produce of 
iron in >^cotlatid had increased to between 600,000 and 
700,00(1 tons a year. In that short jieriod Scotland bad ac- 
complished a ]iroduction which Staffordshire and other placet 
in England took two hundi-ed years, and South Wales a 
bundled years to accomplish — the make of iron in Scotland 
being now equal to that of either England nr Wales. Thi» 
great accession to the produce of iron has had a most sensible 
eifect on its price ; but as he believed that necessity waftthi 
mother of invention, and that nature had in store foi' 
immense reservoir of riches to be yet developed, he was. c 
opinion that the tendency of all this cheapness was to teac 
us that nothing should be wasted, and that we should look 
forward to the time when the smoke that at present conta> 
minated the atmosphere, and the filth that polluted our 
streets, would be regarded as too valuable to be wa>ste(^ 
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"When we considered the utility of iron, its low price, and its 
general distribution in the deposits of every age, we could 
not but look upon it otherwise than as the great agent in 
modem civilisation. Mr Budd then referred to his mode of 
applying the gaseous escape, and said it was well known that 
there were two descriptions of furnaces used for metallurgie 
purposes. The one was the blast furnace, into which air was 
injected by mechanical means at a great density, so as to 
penetrate upwards of 40 feot of dense materials ; and the 
other was the reverbatory furnace, where the fire was pro- 
duced by means of the draft of a chimney stack. What he had 
accomplished was by combining these two so that the gaseous 
products of the furnace, instead of escaping through the tunnel 
head, were drawn sideways by a high stack, and passing 
through the stoves and boilers, leave behind the necessary tem- 
peratm-e of the blast and of the steam. In a blast furnace the 
ores ai'e smelted before the tuyhres by the conversion of the 
solid carbon into carbonic acid, which, passing up through 
the middle region of the furnace into a bath of carbon, was 
reconverted into carbonic oxide, capable of combining with a 
farther dose of oxygen. It would be thus seen that the whole 
of the carbon of the fuel should be present at the top of the 
furnace in a gaseous form. When the British Association 
met at Swansea, he had not used the gaseous escape at any 
great distance from the furnace, his stoves and boilers being 
very closely contiguous. Further experience, however, had 
proved that by the aid of a stack at the end of the chain of 
suflicient dimensions, the gaseous escape from the furnace 
might be made to travel in the most toi'tuous directions, 
descending to the stoves built for heating by the usual fire- 
places, and ti'aversing the boiiers ; the only condition abao- 
lately necessary being that there should be an unbroken 
communication with the high stack at the end, into which the 
gaseous escape might at last pass, and by which it was drawn 
fictrward, instead of passing oK wastufully at tlic tunnel-head. 
When, however, th« draft was carried downward, and to long 
idistances, he had found it necessary to drop into the top of 
the furnace a hopper or funnel, made of sheet-iron, which 
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acted as a shield at the mouths of tbe horizontJil flues, and 
prevented them from either being affected hy high winds, or 
from being clicked up by materials thrown into the fni^ 
nace. The reason, uo doubt, why this funnel was not 
applied before was the great apparent temperature at the 
tunnel-head. In practice, however, it was found that until 
the gaseous escape mingled with the atmosphere, its heating 
power was not such as to injure sheet-iron, or even to make 
it red-hot. In fact, so long as there was an escape upwards, 
the iron funnel would not be injured. The damage ai 
during and after stoppages of the furnace, when the blast 
obstructed in its passage upwards by the settlement of tbe 
materials in the furnace, so that the atmosphere rushed down 
to meet the ascending gases, and, of course, caused a ' 
high local temperature. His practice was to exclude the 
atmospheric air as much as possible. The affinity of the 
gasea for oxygen was so gi-eat that the air leakage raised the 
temperature quite sufficient for safety, whilst the full c 
bustion of the gaseous escape would melt down the bricks in 
the flues, and destroy the texture of the iron tube. It was 
not possible for him to say what combinations took place at 
high temperatures, where carbonic oxide, carbonic acid, hy- 
drogen, and nitrogen, were mixed in such proportions. At 
any rate, he found a smothered couibustion to be the most 
suitable and economical for the purposes in view. He was 
happy to say that, at length, the application of the gaseous 
escape had been tried in Scotland ; and that at Dundyvan 
and elsewhere it was now in successful operation. The pe- 
culiar (piality of the furnace coal of Scotland being what wa»' 
called in South Wales "free burning," which, when put into 
tbe furnace raw, coked sufficioutly in its descent, gave oat 
enormous escape, so nmch so, that, upon a rough estimftte*' 
he calculated that the waste fi-om one furnace in Scotland 
was suflifient to heat the blast, and to raise the steam for 
three. With anthracite coal, the minimum effect was 
tained, as it was a dense fuel of nearly 95 per cent, uf solidi 
carbon ; but in Scotland there would be an enormous sorplua 
at the tunnel-head. He expected, from the well-known saga- 



city of the Suattiali people, that when truly enibai-ked-tn this 
mode of operation, the greatest pnssible use would be made 
of it : and he would not be surpriBed to aee heat let out, like 
mill-power, for burning bricks and other similar pui-posea. 
^e felt, however, anxious tliiit the application should be 
jtnade under the superin tendance of eompetent parties, as he 
bad known several instances where the plan had been aban- 
^doned from difficulties that might easily have been surmounted 
aiuder proper directions. He was quite aware that, by the 
plan he had pursued, the utmost heat was not extracted from 
tbe gases ; and tliat, by different means, a temperature 
plight be obtained capable of performing all the operations 
^f the forge ; and if it be true that the solid carbon of the 
furnace in its escape, as carbonic oxide, would unite with 
another dose of oxygen for satni-ation, there could be little 
^oubt that, with properly constituted gas furnaces, there was 
•enough at present passing off to convert the pig iron into bar 
iron. He hoped some of the iron-masters of Scotland would 
follow up this hint effectually with regard to the remaining 
processes required for malting malleable iron. Ke observed 
that the saving at the Dundyvan Iron Works was stated to 
be about Ij tons for each ton of iron produced. Supposing, 
tlierefore, 600,000 tons of iron to be the produce of Scotland, 
.and supposing the value of the coal used to be 3s, a ton, the 
saving that would thus be effected on the make of Scotland 
would amount to £112,500 a year ; to which might be added 
£20,000 a year of saving in wages and repairs, which would 
make a total saving of £132,500, or about 49. 5d. a ton on 
^the produce of Scotland, which, on the present price of 44s. 
per ton, was about 10 per cent, on the value. If the gaseous 
escape could be extended to the uses of the forge, a farther 
Baving of three tons of coal would be effected — thus making, 
at least, a saving of 20s. a ton on ail the iron manufactured 
into bars, sheets, and rails. 



362 Proceedings of the Britith Atsociafionji>r IS 



Tuest/ay, 6th Avgutt, 

Section A. — JIathematicai. asd Phybicil Scibi 

Professor Phillips made a commiinication on Isoclinal li 
in Yorkshire, a contribution to our knowledjfe of terrestr 
magTietism on a point rot much investigated, — a point, i 
small perhaps, yet certainly interesting. There are cert 
lines, as is well known, on magnetic maps called Isoclin 
curves, corresponding to the different angles shown by t 
needle when freely suspended in different places. The inve*! 
ligations of Professor Phillips related to those lines within I 
limited track, where the inclination of the needle is the 9 
The general isoclinal lines have been ascertained, but thea 
are only the mean — the resulting lines, and observations i 
individnal places may, and often do, vary not a little f 
these, and Professor Phillips wished to find the variation of 
the lines with reference to the surface of the country. He 
exhibited a sketch of part of Yorkshire, having elevations to 
the height of fiOO and 400 feet on the east, and rising as high 
as 260(J feet to the west. It was a portion of connti-y free 
from trap i-ocks, and therefore from one great source of irre- 
gular action of the needle. He had made investigations on 
the west part sixteen years ago with a dipping needle made by 
himself, but the Aaaociation had thought that the instimment 
might have been inaccurate in its indications. He had since 
obtained one of Mr Charles Robinson's dipping needles, wbof 
instruments of this kind he thought the best. In his new J 
investigations, he had taken four parallel lines of observatioafl 
north and sonth, and observed at different latitudes, and hef 
had every reason to conclude that his observations were cor- 
rect. With a good dipping needle, all that is required for i 
accuracy is due time and care, and his instmment he fonnd J 
could generally be depended to within a minute of a degreB.J 
His method of observation was to turn the needle in azimuttrT 
all round the circle, 30°, 60°, 90°, &c., and read off the dipj^ 
each time, and do the same with two other nt-edles. Two^l 
hours were required for ji good observation. He had observeo 
the magnetic dip all the hours of the day. particularly iolI 
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summer, and found the maximum to be at A.M., tbe mean 
at 3 P.M., and the minimam at 9 p.m. M. Kupifer had ob- 
tained results of the same general character, so that we may 
thus apply to observations a correction for the hour of the 
day. Now, he (Professor Phillips) had found aa the result 
of his observations regarding tJie point he had in view, that 
the isoclinal curve in individual casos, and within a limited 
track, tends towards the high ground. Whenever we come 
to a mountain eountr^, tliere we come to great flexures. 

Professor Airey, tlie Astronomer Royal, laid before the 
Section a question of Probabilities wliich had occurred to him 
in tbe use of a fixed collimator for the verification of the cuu- 
Btancy of position of an aziuiuth circle. 

Mr Nasmyth made an interesting communication on tbe 
lunar surface. 

James Dennison, Esq.. read a notice on a Tissue spun by 
Caterpillars. Specimens were exhibited, one a veil, 46 by 
24 inches, seeming almost to realize the figurative epithet of 
tbe ancient " textilia venttis," and another, a picture drawn on 
a portion of a similar tissue, 7 by 5 inches. 

Sir David Brewster shewed to the meeting the beautiful 
Talbotypes by Messrs Adamson and D. 0. Hill, Ross, and 
Thomson, Edinburgh. 

The Rev. J. B. Reade made a communication regarding a 
new Solid ilye-piece. 

Sir William Rowan Hamilton read a paper on " Polygons 
inscribed on a Surface of the Second Order," wliich will ap- 
pear in the Mathematical Journal. 

Professor W. Thomson read a paper on the Theory of 
Magnetic Induction. 

Professor Nichol made a communication on the winds in 
the west of Scotland, aa observed at the Glasgow Observa- 
tory by Mr Osier's Anemometer, giving the reduction of 
observations for sis years in a tabular funn- 

Profesaor Smyth read a paporon Cometary Physica. The 
motions bad been reduced tu mathematical calculation, but 
the addition to, and arrangement of, the facts regarding 
Cumets which observation furnishes, have been too little 
attended tg. Having hud an opportunity of seeing a num- 
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ber of comets. Ii^ had i^ndeavuured to arrange such 
i-eBpecting them aa observation made known. These ■ 
1. A comet consisting of a nucleus, and one or niore gaseoul 
envelopes. 2. The nucleus is solid and material, but ex- 
ceedingly small. 3. Tile nucleus is eccentrically situated it[ 
the gaseous body. 4. Comets ol' the longest period hav< 
the largest bodies. 5. The more eccentric the orbit, the 
more eccentric the body of the comet. 6. The comet rotatefc 
on its shorter nucleoid axis in the same time thiit It takes ttf,- 
move round the sun. 7. This axis is not always at right> 
angles to the plane of the orbit. 8. There is also a quicke? 
rotation round the longer axis. 9. A comet shines by re- 
fleeted light, and shows a sensible phase. 10. In proportion 
to the eccentricity of the orbit a comet increases in density, 
and decreases in size in approaching the perihelion, fuid 
wee versa. 11. The longer axis of a comet is straight aft 
the perihelion and aphelion, but between theae points ia cou' 
cave towards the latter, the curvature being inversely as tha 
eccentricity of the orbit- 12. (Sir John Herschel'a.) The 
component molecules of a comet are only held together by 
their mutual gravitation, each constituting aD almost separate, 
projectile, and describing its own parabola round the sun. 
Professor Smyth adverted particularly to the 9th and 10th 
axioms. Arago had proved that comets shine by reflected 
light, but as to their showing a sensible phase, a contrary 
opinion had hitherto been held. He shewed, however, by 
several diagrams, that they had phases, and how this was 
caused. 1'he atmosphere being eccentrically disposed of by 
the force of gravitation to the nucleus, the greater part ofi 
the light will fall on the denser part of the atmosphere ex- 
posed directly towards the sun. Behind the atmosphere and 
the nucleus there will be an axial darkness, while the 
terior parts of the atmosphere above and below will present 
the form of a double tail, with the light growing dimmer to- 
wanls its extremities. With regard to the 10th axiom statn 
ing a decrease rather than increase in bulk of comets near^ 
the sun, this had been explained by Sir John Herschel, and 
was verified in a remarkable manner by the great comet of 
1843, which had a far less perihelion distance than had ever 
been known before, — only about 60,000 miles. 
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Sir D. Brewster read a, notice of ynvy [jowerfu! magnets 
made by the process of M. Eliaa, and, under his direction, by 
M Logemon, optician, Haerlem. By this process a magnet 
1 lb. weight will, with due precaution, support 28i lbs., and 
the power dues not sensibly diminish though the armature 
be suddenly detached several timos. It has twice the powei" 
of magnets commonly made in Britain. Magnets capable 
of raising 400 lbs. are made in this way. Sir David ex- 
hibited two of M. Elias's magnetic horse-shoe coinbinationa 
of bars, one of about 17 oz. weight, and another 12j lbs,, 
the latter capable of supporting 160 lbs. It was necessary, 
for their perfect action, to polish the ends of the armature 
with two pieces of wood covered with emery and lead. The 
line joining the poles must be as perfectly horizontal as pos- 
sible. The bars are magnetized by being moved several 
times through a helix of copper wire, along which the galvunic 
current passes. 

Short conimunicationB were niiide by Sir D. Brewster, on 
the Optical properties of Cyanuret of Magnesia and Platina ; 
on a New Membrane investing the Crystalline Lens ; and 
on some phenomena of tbe Polarisation of the Atmosphere. 
By Professor Stevelly — On an attempt to explain the occa- 
sional distinct vision of revolving coloured sectors. By Pro- 
fessor Stokes — On the mode of disappearance of Newton's 
Rings in passing the angle of total internal reflection. By 
Professor Hennessy — On the distribution of Shooting Stars 
in the Interplanetary spaces. By Mr J. A. Bronn — On Elec- 
trical Figures of Dust on Plate Glass ; and by Mr Beswick, 
in Explanation of a Magnetic Chart on which tbe lines had 
been drawn by a theoretical formula. 

Sectio.v B. — Chemietry, including its Applications to 

Agriculture and the Arts, 

" On the action of tbe Soap Test upon Water containing 

a salt of magnesia only, and likewise upon water containing 

a salt of magnesia and a salt of lime," by Mr D. Campbell." 

" Remarks on some Chemical Facts connected with the 
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Tessellated Favementa discovered at Cirenceater (the Roman 
Corinium)," by Professor Buckman. — In this paper it 
shown that the materials of which pavements are composed 
are of two kinds : — Tiie first derived from rocks of the dia* 
trict and termed natural, the second composed of clay, fictilia 
and glass, artificial tessellie. The natural tessellse, many of 
which are so altered by chemical manipulation as to c&ua& 
them to be referred to foreign rocks, consist of bite o£ 
stone from the chalk, oolite, lias, and red sandstone forma- 
tions, and were clearly referred to their origin, and the pro- 
cesses by which they were prepared for pavements were 
pointed out. Thus a grey colour was produced from a cream 
coloured oolite, the change of colour being caused by a pro- 
cess of roasting. This ia dependent upon the fact that the 
oolite bed of which they are made contains iron and organic 
matter, the latter of which prevented the iron peroxidizing, 
and thus the grey was due to a protoxide of that metal. The 
artificial tessell^ from pottery consist of shades of red and 
black ; the reds all being due to a peroxidation of the iron 
in the clays from which they were made, — whilst the blacks 
were the result of baking in " smother furnaces," as long 
since pointed out by Mr Artis, so that the carbonaceoua 
matter of the fuel with which the baking was effected was 
prevented from escaping, and, as he would lead us to infer, 
the black smoke penetrated the clay and thus blackened it. 
The author, however, showed that this smoke acted chemi- 
cally, by preventing the oxidation of the iron, and thus the 
change from the dark colour of the clay to red which usually 
ocours in burning pottery and bricks was prevented. Refer- 
ence was then made to a medallion in the pavement repre- 
senting Flora, in the first drawing of which the head-dr«ss 
and flowei-s held in the hand were coloured verdigris green, 
the hue these objects presented on being exhumed ; but as 
this was unsatisfactory in chromatic arrangement, the author 
suspected some chemical change had occurred since the 
pavement was put down, — and on scraping away the 
green from the surfaces of the tesaellie in question, a 
beautiful ruby glass presented itself. New drawings (which 
were also exhibited) were then made with ruby instead 
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of green colour: the result of which was. that what was before 
inharmonious in colour and grouping, at once resnmed har- 
mony in these respects, and became perfectly intelligible. 
An analysis of the glass niacle by Professor Voelcker showed 
the cause of change from raby to green to have been dne to 
the fact that the antique ruby glass had derived ite colour 
from suboxide of copper, and that the tessells had become 
covered with carbonate of copper from a decomposition of 
their surfaces. 

On the ■' Phosphorescence of PolaBsium."' by Mr W. Petrie. 

" On the presence of Fluorine in Blood and Milk," by Dr 
G. Wilson. This communication is given in full, pagti 227. 

" On the presence of Carbonates in Blood," by Professor 
G. J. Mulder, of Utrecht. — The intention of Professor Mulder 
wa^ to ahon experimentally that blood containfl carbonic acid 
not merely in solution, but aUo in chemical combination with 
bases and organic substances, as globulin, albumen, drc. 

" On a compound of Iodine and Codeine," by T. Andemon, 
M.D, — The compound of Iodine and Codeine which formed 
the special subject of this communication is oblAined by mix- 
ing together alcoholic solutions of equal quantities of Codeine 
and Iodine, and leaving the mixture to RpontaneouM evapora- 
tion, when the new compound is deposited in crystals. The 
compound is insoluble in water, sparingly Kolable io cold 
alcohol, but readily in boiling, and it is again 'Iepoiiiie>d in 
small triangular plates as the solutton cooIk. Its eryatalline 
form has been determined by Professor Haidinger, of Vienna, 
who finds it to belong to the doably oblique syntem. The 
crystals have a fine diamond lustre and a deep purple colour 
by reflected, and ruby red by transmitted light. In p^jwder 
its colour is cinnamon brown. 

" On a direct method of separating ArseniouN from Antenic 
Acid, and on its application to the entimation of Nitric AcM," 
by Mr J, Stein. 

Section' C. — Geoloot ajto Putvicjii. C>eo<ib*I'1IT. 
Professor Ramsay read a paper on the position of the 
black slates of the Menai 8tra)tii. 

Professor Nicol then read a tranalstJon of a conimanieu- 
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tioii f'ruiii M- Martins on " I'apaliele entre les Terrwul 
superficiels du basin Suisue ct de lu Plaine dn Po." 

Profeaaoi' Oldham miide some additional remarks on 
temperatiiru of. mines in Irelftnd, to the effect that, in tl 
very same lode, they had in the shallow poi-tion one dej 
for every fifty-two feet ; but at a depth of twelve hundn 
feet, thej' hafl a rise of one degree for every fighty-fii 
feet. 

Mr Hugh Miller tiien made a communication on certain 
peculiarities of structure in the more ancient ganoids. 
Mr Miller began by stating that it was his purpose to 
introduce tn the notice of the Association a curious 8uit0< 
of fossils from the Lower Old Hed Sandstone of Scot- 
land, many of which were still without duplicate in the public: 
museums of the empire, and but Imperfectly represented iD> 
those of Russia. In one importiant resjiect there attached' 
to them a peculiar interest. They belonged to the earliesi 
animals of the vertebral division, of which our knowledge 
was rather inferential than direet. The most ancient fishes 
known to the geologist were the Placoids of the Stluriaik 
System ; the next most ancient the Placoids and Ganoidt. 
of the Lower Old Red Sandstone. Of the placoids, however, 
little comparatively could be known ; from their perishable 
cartilaginous structure an entire species might be repr&s 
sented by but a few spines, teeth, or shagi'een pointftj 
whereas the ganoids, from the peculiar armature of aolii 
bone in which tiiey were enveloped, continued to exist, ni 
aa mere icbthyic fragments, butas ichthyolites. Hence m. 
absolute knowledge of the ancient forms and mechanism i 
ichthyic life was mainly to be derived from the study of th 
first ganoids. Mr Miller submitted to the Society sevei 
specimens. In a Dura Den specimen of I'tetichthys, for ex;*, 
ample, the very capsules of the eyes were jireserved; am 
we had evidence of at least the three senses with which tbeai 
earliest of the ganoids took note, in an incalculably remoi 
period, of the sights, souuds, and odours of the materia 
world. 

Dr Anderson read a paper on the Fossil Fishes and tin 
Yellow Sandstpne of Dura Den, 



Duru, Den ia situated in the upper part of the Olil Bed 
Sandstone, whieh is now interesting in a pal eon to logical view, 
on account of the fossil fishes with which it abounds, Dr 
Anderson laid before the meeting a beautiful collection of 
these fossils, and stated it aa his opinion, that among the 
specimens exhibited, there were several species, and even 
genera new to paleontologists. The accuracy of this opinion 
was questioned by some of the members of the Aaaociation, 
but minute examination we understand waa not gone into 
for want of time, 

Profeaaor Sedgwick then described the Palaeozoic Kocks of 
the south of Scotland. After referring to the formations 
which surrounded them, and to the depoaits vvhich occupy a 
higher geological position, the Rev. Professor said he had 
endeavoured to ascertain the axis of the great mountain 
chain which traversed the south of Scotland. He believed 
that the axis was at the centre — that was to say, that newer 
rocks were to be found on the north and south sides of it. 
He then went on to say, that in this great mountain chain 
beds exist which are nearly equivalent to the Caradoc sand- 
stone of the Chairman (Sir E. Murchison), and alao to the 
Oooniston limestone of the high part of Lancashire, where it 
adjoins Cumberland. These beds were marked by the fossils 
which characterized the Silurian of hia friend the Chairman. 
Such deposits occurred at Girvan, Colmonell, in Ayrshire, 
and in aome parts of Wigtonshire, and at Balmea, in Kirk- 
cudbright, Below these beds Graptolites are found, and 
these Graptolites are of such a nature as to connect them 
with the black slates of New York, in which fossils of a 
similar nature occur. He had figured in a work, which would 
appear before long, thirteen different species found here, 
which were described only in American works. In Scotland 
these Graptolites are raoat abundant about Moffat — the so- 
called alum alate being full of them. This portion of the 
palteozoic formation the learned Professor conceived to be 
much below any beds which have hitherto afforded fossils, 
and he believed that his friend (the Chairman's) ayatem would 
have to undergo some change before the palteozoic rocks of 
the south of Scotland could find a place in that arrangement. 
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The Professor then alluded to the relative position of t 
lower beds, which he conceived are much better developed a 
the south portion of the range than ou the north, and coa 
eluded by observing, that we mast refer to the paleozM 
rocks of America, before we can obtain a correct idea i 
the position of these beds as they occur in the south of S 
land. 

Professor Nicol mentioned his having met Graptolites i 
Peeblesshire, and Mr Harkness, his discovery of them abaii< 
dantly near to Moffat, in Dumfriesshire. 

e President then explained the progress made in M. 

rrande's great and beautiful work on the Silurian or T^an- 
1 Rocks of Bohemia. 

Professor Edward Forbes read Xotices of some rem 
^ble forms of Fossil Radiata. 

Lieutenant Strachey, Bengal Engineers, noticed Boni 
[dcent Researches in the Himalaya. 

Lieutenant- Col on el Portlock described the intrusioa i 
' the Trap Rocks into the conglomerate on the shore hetwee 
Tantallon and North Berwick. 

Mr Nasmyth. — On the Structure of the Limar Surface, 
and its relation to that of the Earth. 

Dr Mantell. — Notice of a Specimen of an Upper Jaw ( 
the Iguanodon. 

Mr William Stevenson. — On a Quartz Formation in t 
South of Scotlaml. 

Notices of Earthquakes in South America in the yeai 
1844-5-6-7. By Mathie Hiimilton, M.D., foimerly Surgeon 
of the Potosi Mining Company. 



Section D. — Natural Hibtoky, lucLnniNG PnYsiotoaT, 

ZooLoisr, AHT* Ahimai Physioi-ogy. 
Dr Mantell. — On the Dental Organs of Iguanodon. 
W. Thomson, Esq., of King's College, London. — On the 
Lingual Teeth of the British Pulmono-branchiate MoUaacSi 
Communicated by Professor Edward Forbes. 

Mr James Hardy, — On an Acaris and Vibrio, that ati 
grasses. Communicated by Dr Douglas Maclagan. 
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H. E. Strickland, Esq.— On the Development of the Tail 
^Feathers of Vidua paradisea. 

J. Gould, Esq., F.R.S.— Notice of the Ornithological Col- 
lections made by Mr J. M'Gillivray, on the North Coast of 
Australia. 

A. Strickland, Esq, — On the Changes of Colonr of British 
Birds. 

"R. M'Andrew, Esq. — Record of the Distribution of Marine 
Animals according to depth, in a cruise from Vigo to Tunia. 

Dr Lank ester.— Report on the Registration of Periodic 
Tbenomena. 

W. T, C. Thomson, Esq. — Notice of the application of 
Photography to the Compound Microscope. 

Rev. T. Rankine. — Zoological Memoranda. 

Dr Carpenter gave a very interesting account of the re- 
paration of the species of the echinida, and also an anatomical 
description of the foraminifera of the tertiary strata. 

Dr Mantell gave an exposition of the dental organs of the 
■iguanodon of the Wealden fonnation, exhibited teeth and 
portions of the lower jaw of that reptile, and also a portion 
of an upper jaw lately found, which completely confirmed his 
previous conjectures regarding the position of the teeth of the 
npper jaw. He also exhibited a drawing of the humerus of 
a gigantic lizard called Pelorosaurus, which had been also 
recently found in the Wealden. 

Dr Hugh Cleghorn read a paper on the grass clotli, the 
produce of Bohmeria nivea, a kind of nettle- The first men- 
rion he found of it was in 1698, afterwards in a history of 
lapan, and by the great botanist Thunberg. The plant oc- 
Burred in India and China, and a coarse cloth was made from 
■it for the summei" dress of the poorer classes, while a much 
iner was made for the use of the rich. 

A paper was read by J. Wolley, Esq., on the birds of the 
Faroe Islands, as observed by the author on a visit there 
last year. He gave a sketch of the relative situation, geolo- 
gical structure, and climate of the group, with a reference to 
their organic productions, as far as these had any bearing on 
ihe presence or absence of various kinds of birds. In illus- 
tration of the abundance of certain kinds of food, was men- 
2 a2 



tioned the pheiioroenon of the sudden rise of a compact sbi 
of small marine animals, which, on the testiuony of an intel 
ligent native, has given origin to Pontoppid&D'a story of l! 
kraken, or large flat aeii-monater, called in Faroe kraka, i 
teara-bne. The snow bunting and the piirple sandpiper, both 
of which frequent the tops of mountains, were the only spe- 
cies of bird not known to breed in Britain, The fulms 
about ten years ago, began in estiibliab itself on the cliffs 
Faroe for the tir.it time. Many species reported to brei 
there by other authorities were not to be found. Sever 
iditionary particulars about the great auk were give 
After many observations on the habits of the different birdi 
Hieir relative numbers, and the etymology of their namt 
r Wolley concluded by deducing & lesson from the mode 

■•rhich the birds are treated by the human inhabitants. Al 

' 'tiiough numbers are caught at stated times, yet as a wbt 
they rather increase than diminish, for they are not constant 
annoyed as they are round the coasts of Britain. Both t 
established rights of the bii'd-climbers and the interest of 
coast navigation require that the sea-birds should be pi 
tected. In foggy weather they warn vessels of their appi 
to the dangerous headlands which they chiefly freqaenl 
Alreadj- they are very greatly diminished in numbers, an 
the persecution is constantly increasing. On the Yorkshil 

I coast slaughtering parties airive by trainsful. It is a matte 
Iffell worthy the attention of the Legislature. The protectio 

pllfforded to them in the vicinity of one or two lighthouses a 
She west coast, and also round the Bass Rock and Aila 
Craig, are pleasing exceptions to the general rule, and ahei 
vhat may be done. 

Ethnological Sub-Section. 
E, Norriss, Esq.— Notice of a Vocabulary of the Mandrawi 
Language (African.) Communicated by I>r R. G. Latham. 
Dr R. G. Latham. — Remarks on Mr Non-iss's Paper. 

E. Norriss, Esq. — -Notice of a Vocabulary of a Sudama 
Language (African.) 

F. Newman, Esq. — Notice of a Dialect of the Berber Lan- 
guage. Communicated by Dr Latham. 



Pk^siuloffj/. 

Professor P. A. Munch of Chris dan i a. ^Ethnological ob- 
servations suggested by the Philological Character! sties of 
the remarkable Anglo-Saxon Runic Inscription at Ruthwell, 
in Galloway, 

Dr R. G. Latham.— On the Distribution of the Germanic, 
Lithuanic, and Slavonian Tribea, at the beginning of the His- 
toric Period. 

Physiolosical Sut- Section. 

Professor Bennett read a communication " On the Molecu- 
lar Element of Growth in Plants and Animals." He pointed 
out that the generalisation of Swan was, that all living tei- 
tures originated from ceUs. Since he wrote, numerous phy- 
siologists, especially Henle, Barry, and Goudin, had direct- 
ed attention to the influence of the nucleus. He (Dr B.) 
conceived that there now existed many parts which indicated 
that neither the cell nor nucleus was the primary element, 
but rather the molecular from which each of these was 
originally produced. 

" On some Facts in relation to Pathological Cell-Develop- 
ment," by Dr W. T. Gairdner. 

" On the supposed Relation of the Spleen to the Develop- 
ment of the Coloured Blood Corpuscle in the Adult," by Mr 
Sanderson . 

" On a Physiological Mode of Investigating the Meta- 
physical Difficulties in regard to the Origin of the Notions of 
Space, of Motion, of the External, of Substances, &c., in con- 
nection with the Laws of Nervous Action," by Dr Seller. 

" On the influence which our Instinctive Propensities have 
on our Intellectual and Active Powers, — that is, on Acting 
in consequence of Thinking," by Dr Fowler. 

" On the Reproduction of Limbs after Amputation in the 
Human Subject," illustrated with specimens, by Dr Simpson. 
— Dr Simpson shewed that the power of reproducing and re- 
painug lost parts was greatest in the lowest classes of ani- 
mals, and decreased as we ascended higher and higher in 
the scale of animal life. He then pointed out that the human 
embryo approached in this, as in other respects, the physio- 
logical life and powers of the lower animals ; and, conse- 
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qiiently, when the arm or leg was amputated during embry- 
onic existence, as not unfrequently happened from bands of 
coagulable lympli, and the results of disease, the stump struc- 
tures repnxluccd a small rudimentary hand or foot — as the 
crab or lizaril does. He shewed various casts and drawings 
of cases of hands thus reproduced ; and two living examples 
were exhibited. 

There was read an interesting memoir " On the laws regu- 
lating the Development of Monstrosities," illustrated with 
specimens, by Dr A. Wood. 

" Important Suggestions regarding the Expediency of 
ascertaining the Extent to which Infantile Idiocy prevails 
in Great Britain and Ireland generally, and of inquiry into 
the causes of its Prevalence in certain Quarters, with a view 
to the adoption of some means of deliverance from it,*' by 
Dr Coldstream. 



Concluding General Meeting. 



MUmC-UALL. 



The proceedings of the Association terminated by a Ge- 
neral Meeting held in the Music Hall, on Wednesday the 
7th of August, at three o'clock, which was very numerously 
attended, — Sir David Brewster in the chair. 

Dr Royle reported, in a very lucid manner, the transac- 
tions of the General Committee, which were approved. 

Thanks to the Lord Provost and Magistrates of Edinburgh. 

Sir &, I. Murchison said, he rose with great pleasure to 
move a resolution entrusted to him, viz., that the cordial 
thanks of the British Association be given to the Lord Pro- 
vost and Magistrates of Edinburgh. This Sir Roderick did 
in his usual felicitous and animated manner. The distin- 
guished Admiral Sir C. Malcolm said, it was a gratifying 
task imposed on him, as a Scotv:\\m^\\, tci second this motion. 
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The Loni Provost returned thanks, in very courteous 
terms, for the honour thus conferred on the Town-Council 
and himself by the vote of thanks of the British Association. 

Thanks to the University/ o/ Edinburgh. 
Professor Sedgwick said, that he rose to propose the 
thanks of the British Association to the University of Edin- 
burgh for the iiospitality which they had returned to its 
members, and the kind manner in which, in every respect, 
they had co-operated in carrying out the objects of the As- 
sociation. The subject of his resolution, he said, was linked 
with the history of Scotland in the most enduring form ; 
with the history of great intellectual benefits ; and also with 
the history of civilized Christendom. In one of the little ex- 
cursions which he had made the other day, he passed by a 
venerable monument, though very different, indeed, from the 
numerous noble architectural structures that adorn the 
neighbom-hood of Edinburgh, — he meant that old crumbling 
kind of castle in which the old family of Napier lived at 
Merchiston. Napier was associated with the history of this 
great intellectual capital, and his name was associated most 
intimately with the history of the University of Edinburgh; 
for if it bad not been for his discoveries, the progress of 
scientific discovery must have been clogged by the enormous 
labour connected with those operations which he facilitated 
by a kind of intellectual steam-power by the production of 
those great treatises which pass under his name. He hoped, 
therefore, amidst the improvements that were going on in 
the neighbourhood of Edinburgh, that great intellectual mo- 
nument would never have one sentence of its record oblite- 
rated, but that it would stand as long as its crumbling walls 
would hang together— (applause.) It was not, indeed, the 
fortune of the illustrious University of this city to produce 
Newton ; and it is not the University of Edinburgh, or of 
Oxford, or any university in the world, that can make men 
of this kind. It is such men that make the universities, be- 
cause they themselves give a soul and an embodied intellect 
to the university, which called forth the aspirations and the 
hopes of feeble men^loud applause.) But though this Uni- 
versity had not the honour of producing Newton, yet Scot- 



^sK Proceedingt ef the Britiih Auoeiatiom far IS60. ■ 

land had tfie sery great distiDCtion of producing — aye, and ] 
before almoat any other aniversity in ChristeDdom — a good J 
Newtantao philosophy, and admirable original commentators 1 
on the Newtonian philosophy ; and through those channels I 
which Scotland sapplied. that NetrtoDian system of philoso- -I 
phy has been diffused through Europe. But coming down to 1 
our own days, in every branch of science Edinburgh has eon- J 
tributed most nobly. He might speak of a series of great ■ 
mathematical teachers who have in suceession filled its chairs ^ 
but he would pass them over. Who was the great leaden 
in that branch of science so important in its bearings npoafl 
the civil welfare of men^ He was a man most intimatelj J 
connected with Edinbui'gh — Adam Smith — one of the glo-l 
ries of this University. Then, again, with regard to the! 
discoveries in chemistry — another comparatively modem ■ 
science — who takes a higher philosophical place tban 'Uisfl 
illustrious Black, one of the grandest, most intellectual, an^l 
crowning decorations of the University of Edinburgh i — (ap^B 
plause.) The learned Professor then expressed bis fervenll 
gratitude for having been privileged in his younger days to 
peruse the works of such men as Reid and Dugald Stewart ; 
and, speaking of sucli illustrious names, he thought it a nioa^ J 
glorious privilege in a University like that of Edinburgh toB 
have such a grand intellectual ancestry to connect the pre-jfl 
sent with the past — not to induce them to stand up as merefl 
pnrveniis,a.auieTe mushrooms in literature and science, spring-fl 
ing up in a night ; but, on the contrary, as men who believedfl 
in the vast services of an intellectual ancestry, to shew whaH 
can be done, not by the labours of one man, but by thad 
accumulation arising from the labours of generation aftecfl 
generation, and that no man who belongs to the Univeraityl 
of Edinburgh, or any other similar seat of learning, ever daf « 
to diasoeiate the present from the past, or cut off that con^fl 
neetion with our intellectual ancestry which is not only oun 
pride and boast, hut also an element of our intellectoaiM 
strength — (applause.) But, after all, it would be but apettyS 
and sorry matter if we were merely to boast of those who aral 
gone ; but it is not so. They have not carried away theirfl 
mantles, but have cast them upon the shoulders of their sucrfl 
■o are now filling their offices to the best of theirfl 
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power. For while we have such men as our Chairmun — who 
has shewn the greatest an aiytical skill in dissecting the most 
complicate or difficult of all physical phenomena ; while we 
have such a staff of intellectual men as are now engaged in 
carrying on the work of the University of Edinburgh ; while 
we have men who — ^he dared not speak of individuals — but 
he must name the distinguished veteran (Professor Jameson) 
who wielded a haoimer before he was born — (great applause), 
— and seeing a gentleman near him who holds a Professorship 
(Profeasor Forbes of Edinburgh), whose essay connected with 
Geology, he (Professor Sedgwick) did not hesitate to declare, 
was adorned as much by admirable good taste as by its spirit 
of sound philosophy,- — ^whtle he could not pass over a gentle- 
man now before him, adorned with such moral and intellectual 
qualities as distinguished Dr Alison — (applause.) With such 
men, therefore, filling the highest ranks in exact science, and 
adorned with the highest moral and intellectual qualities, 
they could entertain no more doubt of the future success, than 
of the past prosperity, of the University of Edinburgh — -(loud 
applause.) The ladies, also, were members of the British As- 
sociation ; and he was certainly i-ejoiced to see that they had 
not only partaken of their intellectual banquet, but had even 
condescended to share in those cruder and less promising 
banquets in another room in Edinburgh. He rejoiced in that 
kind of half celestial vision ; but he must mention the name 
of one lady, and of all the ladies who had decorated the his- 
tory of man, there was none who stood higher than one most 
intimately connected with Edinburgh — ^that most accom- 
plished philosopjier, that admirable domestic woman, gifted 
with all the qualities that adorned the elegancies of life along 
with the very sternest of those powers which belonged to 
high philosojihy — of course he meant the name of Mrs Som- 
merville— (loud applause.) The learned Professor then ex- 
pressed the regret he felt in leaving so many kind friends, 
and he trusted that the intellectual communions they had 
enjoyed was not merely an offering to personal vanity, but 
that they had co-operated for a common end — for what Bacon 
called " constructing something for the glory of God and the 
good of man's estate" — (applause.) That was the great 
object of their meetings ; and he trusted that they would not 
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end merely in the teaching of new laws, or the gratification 
of their imagiDation, or in any of those little accompanimentB 
which belong to such occaaions, but that they would result io 
high moral and intellectual proht, and not only make them 
wise in the knowledge of this world, but in wisdom of a still 
higher bind, so that it might produce fruit which, by the 
blessing of God, might enable them to meet hereafter in a 
place where the regret of parting would be unknown, and 
where they would live for ever, and in happiness — (applause.) 

Major Hawlinson seconded the motion, and remarked that, 
as a lover of science, he yielded to none in his admiration o£' 
that great and splendid educational establishment, the Uni- 
versity of Edinburgh — an establishment which, if its merits 
were tested by tlie numbei- of great men who had been trained 
within its walls, including, in thepresent day, Lord Brougham, 
the Marquis of Lanadowne, Lord Palmerston, and Lord John 
Rusaell,— it would yield to no other University, not only ioi 
Great Britain, but in the world— (applause.) 

Principal Lee said, — It happens very inopportunely that I 
am present on this occasion, and therefore can hardly avoid 
the duty, as being at present the Chairman of the University, 
of returning thanks for the compliment which has been paid 
us, in terms so eloquent that it would be vain for me to 
attempt to rival them. Facts have been referred to by the 
able and accomplished gentleman who made the motion, to 
which, if your time were not so valuable, 1 would very wil- 
lingly advert, namely, the illustrious names which have shed 
glory on this country. Your chairman and myself had the 
good fortune to study at the University of Edinburgh at a 
time when Black, Dugald Stewart, Playfair, and a great many 
other distinguished names carried on the instructions of the 
different departments ; but though I claim no share in the' 
credit which has been rendered to the University of Edin- 
burgh, 1 think myself entitled to say that, in point of zeal, 
energy, and efficiency, both in investigating the fonndationa 
of science, and in adding to its domains, and in the varionft 
branches of literature — the different faculties (medicine and 
law in particular) never had the advantage of abler or more 
efficient teachers — (applause) — and I am sure that those who 
now study within the walls of our University will be quite 



ready to agree with me in the opinion, that the studies aa 
now conducted in the very beat style of didactic composition, 
are such as are calculated to impart incalculahle benefit to 
those who attend the University, whatever may be the de- 
partment in which they study, from that presided over by my 
venerable and excellent friend, Professor Jameson, the father 
of the University, to the youngest of our Professors — (loud 
applause.) 

Vole of Thanks to the Royal College of Physiciana and 
Surijeong for Ikeir Hospitality. 

Professor lirey, Astronomer-Royal, said, that from his 
earliest youth he had derived more benefit from books written 
by distinguished parties in Edinburgh than from auy other 
class of books whatever ; and that he valued most highly 
his acquaintance with the distinguished men who now adorned 
its chairs. He then expressed the obligations of the Associa- 
tion to the medical profession in Edinburgh, for the kind- 
ness and cordiality of their welcome ; and concluded by pro- 
posing a rote of thanks to the Royal College of Physicians 
and Surgeons for hospitality. 

Sir 0, Pasley seconded the motion. 

Vole of Thanks to the Huyal Society of Edinburgh, the Board 
for the Encouragement of Arts and Manufactures, and other 
Literary and Scientific Societies in Edinburgh. 
The Marquis of Northampton moved a vote of thanks to 
the Royal Societyof Edinburgh, the Board for the Encourage- 
ment of Arts and Manufactures, and the other literary and 
Hcientiiic bodies which had contributed to the comfort of the 
members of the British Association. They had come to a 
town where science not only flourished, hut where literature 
and art existed in a high degree of perfection. Architecture, 
also, had achieved many triumphs in this splendid metropolis; 
and he could not help feeling great satisfaction that within a 
few uiont.ha he had enjoyed the opportunity of comparing the 
childhood of architecture — when it was most vigorous, it is 
true — as it is displayed in Egyptian Thebes, and as it exists 
in its manhood here — (applause.) One of the gi'eat objects 
of the British Association was to enable the philosophers of 
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Londun to t'onn an acqaaiiitance with those in other parts of 
the empire, whence, after all, the ranks of science mnst be 
recruited, and that was one reason why they were delighted 
to visit anch great cities as that in which they were then 
assembled, where, he was sure, it wa^ impossible not to feel 
they had been received, not only as brothers, but as very 
selves — (applause.) 

Thanks to the Commisaioiters nf Northern Lights. 
Dr Kobinson of Armagh said, nearly in the following 
terms, — I have been entrusted with a task which I accepted 
very cheerfully, the more so as I was enabled to profit 
by the opportunity, which my friend Professor Sedgwick 
has told you be unfortunately missed. The Secretary has 
been kind enough to entrust me with a vote of thanks 
to be given by the British Association to the Commissioners 
of the Northern Lights for the liberality with which they 
placed their resources at the disposal of the Associa- 
tion, especially on the occasion of the excursion to the 
Bell Rock Lighthouse on Saturday last. To speak of the 
kindness with which we were received — to speak of the 
Splendid hospitality with which we were entertained !» 
nothing here, for there is no individual nor public body who 
has not heaped on us, even in profusion, this sort of kindness. 
I take on myself this office with particular pleasure, because j 
of the excessive enjoyment which L in common with about | 
fifty other members of the Association, derived from an ex- 
cursion, in the course of which we were led to an object I 
which, almost from the days of my childhood, has engrossed 1 
my attention, and which I have ever regarded as one of the I 
wonders of the world, of which we read and wliich we regard ] 
with almost mythological idolatry — a thing in whose exiat- J 
ence I believed, but of which I never had any very clear 
perience — I mean the Bell Rock Lighthouse." When 11 
visited that marvellous, beautiful structure, rising up in 1 
its strength and loneliness out of the deep, I found that 1 
though the sea was calm and the wind was still, yet there 1 



Thanh to CommisHovers of Northern Lights. 

was quite enough of danger in the enterprise of approach- 
ing it. Under these circumstances it enabled the mind to 
call up for itself the tciTors which must in former years have 
beset those who were unhappily entangled in that wilder- 
ness of rocks which that noble structure now crowns as a 
beacon. When I looked down from the summit of the lofty 
tower, and traced the perils which, nnder the smooth surface 
of the ocean, lay stretching far and wide on every side like 
the snare of death, it was impossible not to feel admiration 
for the beneficent courage and the mechanical skill of the 
late distinguished engineer, Rohert Stevenson of Edinburgh, 
which surmounted these difficulties, and turned into a source 
of security that which had been long the cause of danger and 
destmction. When I had satiated myself with the contem- 
plation of the mechanical skill displayed in the construction 
of the Lighthouse- — when I thought of the extraordinary re- 
sources both of wealth and talent that must have been ac- 
cumulated to overcome such a tremendous difficulty, I natur- 
ally looked to the nature of the power by which such 
marvels had been achieved, and I found not a mere unen- 
lightened body of what ai'e called practical men, of persons 
who followed the road of experience, going always in some 
old track, and incapable of availing themselves of the pro- 
gress of the age to perfect their feeble endeavours, I found 
I was among men who were able to teach me in many im- 
portant facts regarding which I had sought in vain for infor- 
mation for years, and which I learned in the course of that 
excursion. In a conversation I held with the engineers of 
the Northern Lights, I learned much that was highly inte- 
resting.andmuch I know that will be valuable to me for future 
research ; and when I was led to ask the question, " who are 
the controllers of this admirable system,'' I learned with sur- 
prise that the Commissioners of Northern Lighthouses are 
not a set of salaried functionaries, not a set of men whose 
professional habits mighthave led them to interest themselves 
in these pursuits, but a body of lawyers and municipal magis- 
trates ; and when I saw the unexampled perfection of their 
administrative system — when I saw the order and method 
that pervade all the details of their establishment, above all, 
the scrupulous integrity, and the diligent exactness of their 
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admiQintratioo, and the patriotic feelings wbich made them 
take from their own avocations so much time and labour to 
devote to public objects, then I felt more than erer I bad 
done before, that you are the natives of a great and noble 
country — that tbts is not a common nation, and that Bucb 
roHuItt) can be experieoced in no otJier portion of the world, 
nor often in this empire is this phenomenon to be found. And 
why ? That was to me a matter of deep thought. What 
wasthe«yetem — what were the circumstaneea that made it 
possible that from the bosom of society could be taken, as it 
were indiscriminately, a body of men capable of such achiere- 
ments an these % In the answer. Sir, I found the source of 
the nation's glory and the nation's power. Hold by tliat 
source, and your nation's glory and power shall never past 
away. Pui-sue, as you have ever done, knowledge in all its 
branches, inspired from the heart by a love for such pursuits 
of knowledge, and guided, as it has been till now, by a deep, 
profound, and all-pervading sense of religion. Join these 
two, and Scotland will never fail to be a great nation, and 
shall go on increasing in glory to the end of time, — ^great 
applause.) 

Professor Phillips moved the thanks of the meeting to Pro- 
fessors Kelland and Balfour, Mr James Tod, the local secre- 
taries, and to Mr Brand, the local treasurer, from whose 
exertions, in a great measure, the meeting had passed off 
with a deffree of harmony and satisfaction, which, he was 
sure, would prove an ample recompense for their labours. 

Professor Kelland returned thanks. 

The President's Concluding Address. 
Sir David Brewster then said, — In closing the twentieth 
meeting of the British Association, I must congratulate yoo 
on the great success which has attended it. In order that a 
meeting for the advancement of science may be a successful 
one, many circumstances must concur. Wlien the attendance 
ia numerous, as on the present occasion, we obtain the pecu- 
niary means of carrying on new investigations, in which, from 
their expense, philosophers cannot be expected to embark. 
In tliis way science is directly promoted, and new paths of 
research are opened np and made accessible to humble and 



ansapported inquirers ; but, however important a numerous 
attendance may be, the character of the Association mainly 
depends im the number and value of the reports and com- 
munications made to the Sections. Both these causes had 
been happily combined in making our present meeting one of 
very considerable interest. Discoveries, indeed, of no small 
value, have been communicated for the first time at this 
meeting ; and the most important of these by some of the 
younger members of the Association. To us older members, 
whose term of labour is about to expire, it is no slight grati- 
fication to mark the living genius which is now luxuriant 
around us, and promising by the fruit which it bears to 
maintain and extend the scientific and literary glory of the 
empire. Nor is it less interesting to us who live in a por- 
tion of the kingdom less favoured than the rest in point of 
wealth and endowments, to observe how actively science is 
often pursued under difficulties and embaiTassments ; and 
how minds of n, high order put forth new energies in resist- 
ance to the very power which would otherwise crush and 
destroy them. In taking a retrospect of the intellectual 
condition of the past, there is a natural and commendable ten- 
dency to exaggerate, in any comparative estimate, the merits 
of our more immediate predecessors. This, doubtless, arises 
from the affectionate relation which exists between the 
teacher and the taught, — from the absence of all those rival 
feelings from which our prostrate nature is seldom wholly 
free; and from the respect which is always due, and ever 
paid to the illustrious dead. But without taking into ac- 
count this influence over our judgment, I have no hesitation 
in saying, that however brilliant be the names, and glorious 
the memories of those eminent men who have adorned the 
Universities of our eastern and western metropolis, there 
never was a period in our history when their chairs were 
better filled, — their youth better instructed, — and science 
and literature more energetically advanced, than by the dis- 
tinguished Professors who have taken such an active part in 
the business of the British Association. Among the bodies 
connected with the University of Edinburgh who especially 
merit this praise, I cannot avoid mentioning the College 
of Physicians and the College of Surgeons. Edinburgh has 
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long been celebrated thruughout tbe world for its medical I 
scliool. During the last 50 years I have enjoyed the society m 
of many of its most distinguished physicians and surgeons. I 
I have received from them assistance and encouragement I 
in my own reHearches when that encouragement was of I 
mnch value ; but I am bound to say, that at no period of ■ 
the history of the medical art have the members of these -I 
two Colleges taken such a liigh place in their own pro-fl 
fession, and in the allied sciences of Chemistry, Naturaifl 
History, and Botany, as in the present day. The activej 
part which they have taken in tlie proceedings of thi»d 
Association, and the noble hospitality which tliey have ex~M 
tended to it, will never be forgotten while our InatitutJoiH 
places upon record the generosity of its friends. In the dis-fl 
tribution of praise, it is often imwise, and sometimes unjus^l 
tu dispense it individually ; but I feel that my eminent ool-fl 
leagues amund me, and even those whom it may personallyl 
affect, will excuse the error I may thus commit, if I name thefl 
distinguished President of the College of Surgeons, Professora 
Syme, who has earned our gratitude by the generous combi'V 
nation of hospitality and science. Scotland had lately occft^ 
sion to lament his absence from her sanitary sphere, but Bb<fl 
now welcomes him back from his brief but i^oluntary exile, tat 
pursue with new ardour the profession which he adorns, aiK9 
to enjoy in his Tusculan villa the enviable blessings of sociaH 
and domestic life. From the present let us now look to tbM 
future. From Edinburgh we pass to Ipswich, in the vicini^3 
of tbe metropolis, where a peculiar combination of circuni^ 
stances cannot fail to make the next meeting of the BritiBln 
Association one of high interest. Great numbers of BritostH 
and of Foreign philosophers may be expected on that occa^ 
sion ; and we are confident that, under the able President^fl 
of Mr Airey, our illustrious Astronomer Royal, to whoin 
every branch of the physical science owes miicli deep obligaS 
tion, the meeting at Ipswich will be one of the most saccewH 
ful that has yet been assembled. ■ 

After a cordial and unanimous vote of thanks to Sifl 
David Erew8t«r,theehief of this eminently successful session 
of the British Association, the meeting adjourned to Ipswidfl 
^^^^- 1861. ■ 
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Canclasion of the Proceedinijs of Ike BritUh Association 
for 1850. 

ExcurgiiiHs. 
During the meeting of the British Association seTei'al excursions 
1 to interesting localities were made, chiefly with a view of inspecting 
I the geognostical phenomena near to Edinburgh. The parties were 
much gratified and instructed by what they saw. 

Lectures. 
Two kctures were given, one by Dr Bennett on the evening of 
Tlmrsday, lat of August, " On tlie passage uf the Blood through 
the minute vessels of animals in connection with Nutrition:" the 
Other by Dr Mantell " On the Extinct Birdjj of New Zealand." 
Both lectures were listened to with deep attention by very nnnierous 
ftiidiences. Mr Nasmith also exhibited veiy beautiful drawings and 
relief representations of the surface of tlie moon, which ho described 
in a very interesting laancer. 

Promenades and Conversations. 
Two evenings, viz., the 2d August and Tuesday evening the 6th 
of August, brought together brilliant and very numerous assemblages 
of the members of the Association in the Music Hall and great As- 
sembly Room. 



Notes on the Geology of the Southern Extremity of Cantyre, 
Argylhhire. By Jambs Nicol, F.R.S.E., F.G.S., Pi-ofesBor 
of Geology, Queen's College, Cork. Communicated by the 
Author.* 

The peninsula of Cantyre is very remarkable both for its geogra- 
phical and geological peculiarities. Its general direction from north 
to south diifers greatly from the usual range of the Scottish moun- 
tains from NE. to SW. At Tarbet, it is connected with the main- 
land by an isthmus only a mile in breadth, and were the land 
depressed a few feet, it would be changed into several islands. The 
great formation of mica slate, which runs nearly SVV. along the 
border of the Grampians, through the whole of Scotland, in this 
place seems to turn to the south, whilst the clay slate resting upon 
it disappears on the east aide of the granite of Goatfell in Arran. 
The geology of this district has, however, been scarcely noticed, ex- 
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cupt in some incidental I'emarks in the works of ProfoBsor JameGon 
and Dr MaccuUoch. 

The oldest or fundamental rock of the district examined is mioi 
slate, fonning the wild country round thoMull ofCantyre 
tain Bengollion, near Campbeltown, and the high ground north of 
that town. It is generally a light grey arenaceous rock, often inor» 
resembling a micaceous sandstone than the typical mica state of tbq 
northern Highlands. The beds are also less contorted, and dip 
at a low angle, or about 30° on an average, to the east, or a fei(j 
degrees south of east. Occasionally it is connected with a darV- 
coloured large-granular crystalline limestone in numerous beds. Iq 
Knock Scalbert, north of Campbeltown, this limestone series seems td 
differ in direction from the mica El&te, the beds running KE, byN^ 
and henca may probably form a distinct, perhaps newer part of tin 
aeries. The primary rocks are followed \i^ red sandstone and con-- 
glomerate which often rest almost conformably on the older strata. 
This is seen in Knock Scalbert, on the north shore of the harbour, 
very markedly in Glenramskill Burn, and at the south of the peniii> 
aula near Keills. In all these places the dip and direction of the 
two formations approximate as closely as that of the separate beds 
each. The conglomerate is often of immense thickness, and consi 
of rounded blocks, varying from throe feet or more to a few lines 
diameter, imbedded in a red sandy basis. The blocks have a vei 
local character, being in some places almost exclusively a clore-broi 
porphyry — in others hard sandstone or hornstone — in others quartz 
trap rocks. It is remarkable that no fragments of the mica slate i 
which they rest, or of other primary rocks, were observed in these coa' 
glomerates. The red sandstone, especially on the east and aouth-e 
coast, is often almost a tufa, composed of the same materials with' 
claystone porphyries, with which it is, in part at least, contempoiv 
aneous. The coal formation occurs chiefly to the west of Cam] 
beltown, in the low tract named the Laggan of Cantyre. Tt 
true character of this formation, as a detached portion of the' 
central coal-field of Scotland, was pointed out by Professor Jameson 
in bis travels in Scotland. Dr MaccuUoch, in his Western Isles, seenu 
to have adopted the same opinion, but afterwards in his map coloured 
it as lias. The impressions of L&pido-dendTon, Siffillaria, Stigw 
maria, and other plants found in the coal, and in the connected shale|^ 
and sandstones, prove its true ^e, and no trace whatever of the liu<^ 
has been found in this part of Scotland. The coal deposits are 
broken through by dykes of trap, and are also overlaid by igneous 
rocks on the shore near Losset and in Tirfergus burn. The ignsons 
rocks are principally claystone and felspar porphyries, which form a 
broad band across the country from Kilkivan and Losset on th^ 
west, to Macharioch on the east, in the region coloured by Mao*- 
culloch as mica slate. In this tract fragments of altered Lmestonof 
and sandstone of the coal formation often occur, imbedded in thi ' 
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porphyry. Aug^tic trap rocks are common, especially in the high 
ground to the east of Southend church, and associated with the 
limestone series north of Canipbeltonn harhour. These rocks are 
of very different ages, veins of one variety of trap often penetrating 
beds of another kind, as near LosseC and at Kllchou&land. At 
the latter a vein of dark greenstone, divided into columns nearly 
horizontal, intersects a mass of light grey trap, in some places highly 
concretionary and divided into verticle columns, separated from each 
other by thick veins of hsematite and green carbonate of copper. la 
the Laggan of Cantyre west of Campbeltown, a tertiary deposit oc- 
cars, consisting of peat, with large trunks of trees, covered by beds 
of red and white clays and gravels. The wood is chiefly oak or 
birch, and the peat contains leaves of forest trees and hazel nuts. 
It seems a lacustrine deposit drained during the recent elevation of 
the land. It rests in the hollows of the red boulder clay with striated 
blocks, which is in part overlaid by shingle beds, formed of round 
water-worn stones, gravel, and sand. This deposit much resembles the 
lignite and drift deposits seen on the coast of Norfolk, and is probably 
of the same age. The last change of level in the sea and land is 
marked by a line of cliff surrounding the whole peninsula, and in 
many places hollowed out into ' immense caves — some in the hard 
porphyries of Davar island, measuring 130 feet in length. 

Some of the general results of this investigation seem very inter- 
esting. The peculiar arenaceous character of the mica slate, inter- 
mediate between the crystalline rocks of the more northern Highlands, 
and the silurian beds of the south of Scotland. The amount of lime- 
stone beds in some parts of the series—the diversity in its dip and 
direction from the mica slate series in the north, would indicate 
that this rock belongs to a different group. In a paper read to the 
Geological Society of London, the author formerly stated that the 
mica and clay slates on the southern border of the Grampians were 
probably the northern synclinal of the great trough in which the 
central coal formation was deposited, and of.which the silurian rocks 
in the south were the other limb. The latter are chiefly of lower 
eilurian age. Hence he concludes that tlie metamorphic slates of 
Cantyre are probably altered upper Silurian or Devonian beds, and 
that the great mica slate foi-mation of Scotland will eventually require 
to be broken up into several divisions. The introduction of the 
great overlying mass of trap and sandstone into the region coloured 
by Macculloch as mica slate, renders this part of Cantyre closely 
analogous to the south of Arran. It also completes the band of 
IgoeouB rocks, which, commencing on the shore of the German Ocean, 
near Montrose, is now shown to extend across the whole of Scotland 
to the Atlantic, and even into the north of Ireland. 
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Notes ff Professor Edward Forbei Excursion to the Hehride^ 
Communicated by the Author. 

We visited Loch Staffin in Skye, to examine the fresb, or 
brackish water strata, discovered by Sir Roderick Murchison, 
and supposed to be equivalents of the English Wealdens. 
Favourable circumstances enabled me to determine their 
exact position. They rest upon the great sheet of columnar 
basaltic trap, which covers the oolitic sandstones, lime- 
stones, and shales (the uppermost portion of which beds have 
been referred to the comhrash), of the coast of Skye, from 
Portree to Loch Staffin. They are covered by beds of ahale 
and clay abounding in Belemnites and Ammonites, all cha- 
racteristic Oxford clay species, and in beautiful preservation. 
The Oxford clay underlies the great mass of amygdaboidal 
and other traps, which form the picturesque line of hills from 
the Stove to the Guiraing, above Loch Staffin. The brackish- 
water beds of the latter locality are consequently exactly 
equivalent to similar beds observed by Mr Robertson at 
Srora. 

The dredge did not bring up any new testaceous moUusca 
during our cruise. Near Croulin Island, however, wbea 
dredging on the pleistocene clay or mud bed at a great depth, 
among other fossils we procured a broken shell of the Nucula 
thraci(Efor?nis of Gould, hitherto known only as a recent 
North American species. In the same neighboiirhood we 
dredged a magnificent addition to our marine molluscous 
fauna, in the shape of a gigantic compound Ascidian of the 
Clavelina group. 

In the Minch and at Ooulin, we dredged a very fine Ho- 
lothurian of the genua Fislularia, quite distinct from any 
known British species, Also a second species of Sarcodictyon. 

With the tow-net we were very fortunate. In the sound 
of Mull we procured a new species of Slabberia, a new genua 
allied to Sarsia, three new species of Hippocrene, two species 
of Diphyes {U. truticala, and D. bUoba of Sars), and two forms 
of Physograde medusse. 

In the Minch we met with several examples of a beautiful 
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and very large Equorea, a genus new to Britain, also the 
Arachnaelis albida, a remarkable swimming Actinea, dis- 
covered by Sars in the Norwegian seas, and now added to the 
British fauna. Edward FOKBBa. 



Observations on Three Skulls of Naloo Africans. By RicHARd 
Owen, F,R.S., Hunterian Professor of Comparative Ana- 
tomy in the Koyal College of Surgeons.* Communicated 
by the Ethnological Society. 

These skulls have belonged to mature but not aged indi- 
viduals : two (A and B) are male ; the third (CJ appears to 
be a female. They shew no trace of disease. According to 
Camper's method the facial angle of the skull B is 70°, that 
of C is 67", while that of A does not exceed 65°, All exhibit 
the prognathic character in its extreme degree, but it is less 
marked in B, owing to the minor development of the incisive 
alveoli, to which also the difference in the facial angle is 
chiefly attributable. 

By the " vertical" or Blumenbachian method of comparison, 
the oval is long, narrow, much contracted anteriorly ; but in 
this respect the skull B has the advantage, and shews a 
greater fulness of the frontal region. 

In the anterior comparison, op by ■' Pritchard's method," 
the two tangential lines carried from the malar prominence 
upwards meet much sooner in A, than in B oc G. The 
individual differences in this respect being so great, espe- 
cially in A and C, as to affect the value of this mode of com- 
parison in its relation to the characteristics of race. 

The comparison, according to the basal method, shews the 
same degree of posterior position of the foramen occipitale, 
as compared with the Indo-European or American races 
which the majority of Ethiopian skulls manifest ; and also 
the same advanced position of the alveolar area, in rela- 
tion to the zygomatic arches. The extent to which the 
latter arches are occupied by the outline of the cranium 
behind, is rather greater in B than in A and 0, but is in 




a marked degree less in all than in thfi Indo-European 
family. The bast- occipital is long and straight ; this inferior 
character is well marked in A. 

The molar teeth have the characteristic superiority of size 
of the lower Ethiopic races in A and C, but they ai-e smaller 
in B; and it is interesting to find this approach to the 
higher races accompanying the more open facial angle and 
the fuller oval contour of upper region of the cranium; 
the teetli are also less worn, which would lead to the con- 
jecture that the individual had been of higher rank than A. 

The par-occipital processes (marked with a -H in ink) are 
unusually cleariy developed in A and C, on both aides ; when 
present in Europeans it is a rare anomaly and usually on 
one side only. It is an interesting manifestation of a cha- 
racter common in the skulls of brutes, where the par-occipitals 
generally take the fimction of the mastoids, and are called 
mastoid by Cuvier and De Elainville. 

The par-occipital process is to be distinguished from that 
angle of the occipital which completes the foramen jugulare, 
and which Bourgery depicts as the " processus jugularia" of 
the French school of Anthropotomists. 

The superior occipital ridge is well marked in the two 
male skulls; in all the supra-occipifcal swells out behind or 
beyond that ridge. 

The malar bones are protuberant, and the orbital bound- 
ary is less sharply dehned than in higher races of man- 
kind, they are more rounded off, which is an approach to 
the large apes. 

The internal nasal suture is obliterated in A. The gla- 
bella is prominent in all, hut less so than in the Australian 
skulls, from which likewise the Naloo skulls differ in the 
larger proportion in which the ali-sphenoid unites with the 
parietal. 

As in all Ethiopian skulls the cranial sutures a,iti leas 
complex, and more obliterated considering the age of the 
specimens. Again, however, this character is less marked 
in the skull B. 

There ia a trace of the frontal suture above the nasal 
bones in C ; and in the female skulls of other races this im- 
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mature cliaracter is more frequently retained tlian in the 
moles. Aa individual peculiarities there may be noticed the 
deep and almost symmetrical grooving of the frontal bone by 
the Bupra-orbital nerves and vessels in A. The same cha- 
racter is more feebly repeated in 0. 

The general cranial characters of the Ethiopian ra<;e arc 
manifested in all, by the narrow anteriorly contracted oval 
cranium, by the prognothic jaw, and by the protuberant 
cheek-bones ; but tbey are most strongly marked in A and 
C, except that the cheek-bones shew the sexual inferiority 
of development, together with the weaker zygomata in the 
female skull C* 



On the Succession of Slrata and THstrihution of Organic Re- 
mains in the Dorsetshire Purbecks. By Professor Edwahd 
Forbes, F.R.S,t Communicated by the Author. 

During the autumn of 1849, Professor E. Forbss was deputed 
by the Director- General of the Geological Survey, Sir Henry De la 
Beche, to examine the organic remains of the Purbeck strata in 
Dorsetshire, and to investigate their distribution in eitu, acting in 
co-operation with Mr Bristow, the ot&cer engaged in constructing 
the geological map of the district. The results of this enq^uiry were 
so novel and curious, that it was thought by the Director- (ieneral 
desirable, before publication iu an extended form, to la; them be- 
fore the British Association, in the hope that, by such a course, 
attention may be directed to similar phenomena in freshwater for- 
mations in other dititricts. 

Our kDowledge of the Dorsetshire Purbecks has been derived 
chiefly from the memoirs by Professor Webster, Dr Fitton, Sir H. 
De la Beche, Dr Buckland, and Dr Mantell. With the exception 
of certain Vertebrata (reptilea and fishes) we owe to Dr Fitton our 
information respecting their fauna. No minute investigatioo of the 
strata iu conuection with their organic contents had, however, been 
undertaken, nor had the latter been collected to any extent, as may 
be seen when tbo published lists, including about 12 species of Mol- 
tusca and Crustacea from these beds, are compared with those now 
submitted to the section, in which more than 70 members of those 
classes are enumerated. This increased catalogue is not merely of 
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value on account of the great Dumber of Epecies ; it ia remarkable 
on account of the new and intercBting light it ihi-ows on the dieui- 
bution of froshwater creatures during the oolitic period. 

The points at whicli these observations were made were Lnl- 
worth Cove and the neighbouring bays, Warbarrow Bay, on one 
aide of whicli, at Meup's Bay, ia the clearest and most complete of 
all the Purbeok sectinns, Osmington, Upwaj, and Ridgeway, between 
Weymouth and Dorchester and Durleatone Bay, near Swanage. 
Subseqnenlly the base of the Purbecks, aa exposed in the great 
Portland quarries at Swindon, a section which had pi-eviouslj been 
examined and accurately described by the Rev. J. Brodie, was vi^ 
sited and found to correspond exactly in mineral characters and 
organic contents, with the beds at the base of the Purbecks in Dor-. 
aetsbire. From all these localities ample collections were made, in 
which the author had the constant assistance, for several muntha, of 
Mr J. Gapper, of the Geological Survey. 

The results of these researches, whether new, or confirmatory rf 
older observations, niay be stated briefly as follows : — 

lit. There is no passage from the Portlands into the Purbeckh' 
The top beds of the Portland stone are purely marine : the lowep- 
most beds of the Purbeck are purely fi-eahwater, containing Cypri' , 
dei, and species of Valvata and ZimncHS. At Meup'a Bay these, 
lowest freshwater be^s, forming the " Cap." occupy a thickness of ft 
little more than 8 feet, and are sui-mounted by the great dirt^bed, 
containing the stools of CycadaceEc. A little sbovo the great dirt- 
bed ia another less developed, and & similar one occurs in maaji 
places below it. 

Above the highest dirt-bed, the cypridiferoua shales, which fol- 
low, are strangely contorted, and broken up in all the sections at* 
the west end of the isle of Purbeck. These are capped by undis- 
turbed beds full of Cyprides, succeeded by 20 feet or mors of shalea, ■ 
calcareous slates, marls, and limestones, with occaaiuually siliceouai 
bands, ail for the most part deposited in brackish water, and filled 
in many places with Jtissom, of the subgenus Hydrohia, and a little 
Cardium, of the subgenus Protocardium. Many of these beda . 
abound in a species of Serpulu, closely allied to, if not identical with, 
Serpula coacervites of the German Purbecks. There are above 3W 
feet of these brackish- water beds at Meup's Bay. They are capped 
by purely freshwater marls, containing the same species of Cyprw, 
Valvata, and lAmneus, as occur in the lowest bed of the Purbeoka. 

Suddenly, without any disturbance, a change takes place. A. 
very thin band of greenish slialea, ful! of impressions of leaves like 
those of a large Zostera, and with traces of marine shells, cuts off 
the freshwater strata. Immediately, however, new freshwater beda 
succeed, filled in many places with fossils, species of Cypris, Val- 
vata, Paludina, Planorbis, Limneus, Pbysa, and Cyclae, all dif- 
ferent from any ho had previously seen in the lower beds. Thick 
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bands of cheity stone, filled with these fossils in a beautiful ^tata of 
preservation, occur, and among theiu are, for the first time, in the 
oolitic series, Giirogwiites, the spore-capsules of Chars. Imme- 
diately ahore these interesting bands (in which many remains of fish 
were also found) is the great and coo^tpicuous stratum, long familiar 
to geologists under the local name of " Cinder-bed," formed of a 
vast accumulation of the shells of Ostrea diatorta. On the summit 
of this bed, the author discovered the first Eehinoderm erer seen in 
the Purbecks. It proved to be a species of Hemiddaris, a genus 
characteristic of the oolitic period. It was accompanied by a species 
of Perna. The cinder-bed is succeeded by limestones and shaies, 
partly of freshwater, partly of brackish-water- origin. In these, the 
same species of Cypris occur, which mark the shaly bands near the 
chert below the cinder. 

Many fish, especially species of Lepidotua and Mierodon radi- 
attis are found in these sands ; and in the fine collection of Mr Wilcos 
of Swanago, are the heads of two magnificent species of the reptile 
Maerorynchus, resembling, but distinct from that described by Von 
Mayer, from this horizon in the Purbecks, Among the Molliisks, 
a remarkable ribbed Melania, of the section Ckilina, is found here. 
After the deposition ^f these strata, there came another powerful 
influx of the sea, introducing marine species, Pectem, Modioli, 
Avimlte, and Thrace^, all undescribed forms. Brackish- water strata 
full of Ci/rena, and traversed by bajida abounding in Corbulte and 
Meltinice are next in order : in them is a Protoeardium, a lai-ge 
species q^uite distinct from its representative species in the lower 
portion of (he Purbecks. Limestones with Cyprides, Turtles and 
fish, crown these brackish -water bands, and are specifically con- 
nected with the beds of the middle Purbecks below them. 

Lastly, a third series of freshwater strata commences with a new 
series, — Cyprides, Pcdudiiue, Physa, Lifnneas, Pianorbu, Valvala, 
Cyeladea, and Unio, and new forms of fish. These continue until 
they merge into the base of the Hastings sands, and the Purbeck 
series is completed. The total thickness of all the Purbecks at 
Meup's Bay is about 165 feet. Of this, one-half is occupied by 
the lower portion of the series, and the remainder is divided between 
the middle and upper portions, the former being rather the more 
extensive. 

It is very remarkable, that whilst we can strictly divide the Pur- 
becks into upper, middle, and lower, each marked by a peculiar 
assemblage of organic remains, the lines of demarcation between 
these sections are not lines of disturbance, nor indicated by striking 
physical characters or mineral changes. The features which attract 
the eye in the Purbecks, such as the dirt-beds, the dislocated strata 
at Lulworth, and the chider-bed, do not indicate any bi'eaks in the 
distribution of oi^anized beings. The causes which led to a lwii- 
plete change of life three times during the depo.^ition of the fresb- 
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water and bracltish strata of tho Purbeok seriea, must be aought for, 
not simply iu eitber a rapid or a sudden change of their area into 
land or sea, but in the great lapse of time which intervened between 
the epochs of deposition at certain periods during their formation. 

A most striking feature of the Molluscan fauna of the Purbecks 
b this ; — so similar ai'e the generic types of these Mollueca to those 
of tertiary freshvpater strata and those now existing, that, had we 
only such fossils before us, and no evidence of the infra-position of 
tho rocks in which they are found, we should be wholly unable to 
assign them a dufitiite geological epoch. 

An examination and comparison of these Furbeck fossils with the 
collections from tho Hastings sands, and Wealdon in the Museum of 
the Geological Society (to which they were chiefly presented by Dr 
Fitton), and in the cabinet of I>r Mantell, leads the author to be- 
lieve that tho fauna of the middle and upper divisions of the Weal- 
den series is, so far as species are concerned, almost entirely distinct 
from that of the lower or Purbeck division. Many of the species 
reputed to be common to the whole series, are found on inquiry to 
include more species than one under one name, whilst some oUier 
forms recorded as Wealden, but, so far as the author has observed, 
peculiar to the upper Furbecks, and occupying only a limited horizon 
in that part of the seriert, are derived front certain anomalous strata 
near Tunbridge Wells, which the author believes will prove, 
closer examination and accurate survey, to be Purbeck strata brot _ 
up among the true Wealden by faults. The excellent monograph on 
the Wealdens of Nortli Germany by Dunker and Von Mayer, in 
which a vast number of species of animals and plants are described 
and accurately figured, affords the strongest confirmation of this 
view, and shows that wliile the fauna of the German Weald clay 
and Hastings sands corresponds in essentials with that of the sama 
formations in Britain, the Pucbecks of the Continent, jnst aa here, 
differ from the superior beds almost entirely in their organic con- 
tents, and correspond with similar beds in our own series. 

The marine or brackish-water bands in Germany, containing 
Ostrea Fittoniana, appear to be represented in England by cor- 
responding bands with the same fossils, and accompanied by speeieS 
of Corbula, Cardium, and Melania, in the upper part of the Hast- 
ings sand at Swanage. All tho investigations of the author so far, 
have gone to indicate the probability of the presence of several di^ 
tinct assemblages of organic ramains (similar to those which he lias 
shewn to exist in the Furbecks), in the higher portions of the Weal- 
den series of formations, whilst the true position of these strata is 
shewn, without a question, to be in connection with the Oolitic 
or lower, and not with the Cretaceous or upper division of the 
secondary rocks. 
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Claatijication of Mammals, Birds, ReptUeg, and Fishes, from 
Embryonic and Palwozotc data. 

The principle, says Agassiz, which has regulated our classifications 
in zoology for the last half century, is that which Cuvier wovkedout 
bj hiH anatomical investigations ; I mean the arrangement of the 
whole animal kingdom accoi'ding to the uateral afhnities of animals 
as ascertained by the investigation of their internal structure. This 
fruitful principle, applied in various ways, has produced a series of 
classi 6 cations, agreeing or differing more or less in their outlines, 
but all restiug npon the idea, that a certain amount of anatomical 
characters may be easily ascertained, expressing the main relations 
which exist naturally among animals, and afiTordiiig a natural basis 
for classification. Structure, therefore, internal as well as external, 
is, according to the principles of Cuvier, the foundation of all natural 
classificatioua ; and, undoubtedly, his researches, and those of his fol- 
lowers, have done more in the way of improving our natural methods, 
than all the efforts of former naturalists put together, and this prin- 
ciple will doubtless regulate, in the main, our further efforts. 

Nevertheless, so much is left in this method to the arbitrary de- 
cision of the observer, that it would be in the highest degree desir- 
able to have some principle by which to regulate the internal details 
of the edifice. 

We may indeed form natural divisions simply from structural 
evidence, bring togethci' all fishes as they agree in the most impor- 
tant details of their structure, and combine all reptiles into one class, 
notwithstanding the extreme differences in their external form. 
We may also recognise the true affinity of whales, and bring them 
together with other mammalia, notwithstanding their aquatic habits 
and their (ish-like form ; we may even subdivide those clashes into 
inferior groups upon structural evidence, and thus introduce orders, 
like the Quadruuiana, Carnivora, Rodentia, Ruminantia, &c., Sits., 
among Mammalia. But we are at once at a loss how to determine 
the relative value of those groups, and to find a scale for the natural 
arrangement of further subdivisions. After having, for example, 
circumscribed the Carnivorous Mammalia into one natural family, 
how are we to group the minor divisions like that of the swimming 
Carnivora, the Plantigrada, and the Digitigrada ; or, after oircuni- 
scribiug tho reptiles into natural groups like those of Chelonians, 
Saurians. Ophidians, and Batrachiaus, how shall we, for instance, 
arrange the various types of Batraohians 1 To those who have been 
familiar with our proceedings in all these attempts, it must be evi- 
dent that the grouping of our subdivisions have been almost arbitrary 
and entirely left to our decision without a regular guide. We have, 
it is true, subdivided the Batrachians into tho more fish-like forms 
which ptBsorve their gills and tails, or at least their tails ; and iuto 
another group containing those which undergo a complete metamnr- 
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pbosis ; but it 1ms not yet occurred to naturalists to take this meta- 
morphoHiiJ an the regulating principle of classiRcation, to arranga 1 
genera according to their ^reement with certain degrees of develop- I 
meat, in the natural order of changes which the higher of these aoi- I 
mals undergo. Kow, it is my firm belief, that such a new principls I 
can be introduced into our science ; that methodical arrangement I 
may be carried into the most minute details, without leaving onj J 
room for aibiti'ary decision. Proteus, Menobranchus, Amphiuma, 
Triton, Salamaiidra, will hereafter have a natural place in our olassi- 
fication, which will be commanded bv embryology, and no longer be 
left to a vague feeling, that aquatic animals are lowiir than amphi- 
bious and terrestrial ones, and that the retaining of the gills indlcatea | 
a lower position than their disappearance. 

Of course, in the outset, we do not find sufficient data to trace I 
this arrangement throughout the animal kingdom, and to make the A 
principle which I have just mentioned the ruling law of classical 
arrangement. But until such sufficient knowledge is acquired, let 
nie shew that my principle does in fact apply t« all classes of the 
animal kingdom, and will at once contribute to improve all their 
subdivigious. Among Mammalia, for example, we shall continue to 
gi''e the aquatic carnivorous animals a lower position among Cami~ 
?ora, but no longer iiinipjy because they are aquatic, but becsnse 
thpy are web-footed, as the web-foot is the earlier form of the Umba 
in all mammalia whose embryonic development has been traced. 
Wo shall he led. for similar reasons, to deny the Bats the high posi- 
tion which has been assigned to them, and to combine them closer , 
with the Insectivora. We shall separate the Manatees from their 
prasont relations, and combine them with tapirs, elephants, &c., as 
tliey are rather web-footed Pachyderms, than true Cetaceans. 

Among birds we shall also avail ourselves of the discovery I made 
last year, that embryos of birds have web-feet and web-wings, and 
no longer consider Palmipedes as forming a natural group by them- 
selvuM, but allow the possibility of having several natural groups of 
birda, beginning each witli weh-footed forms. Every one who is con- 
vereant with the natural history of birds, must have been struok 
with the great diversity of features in birda united in our systems 
under the head of Palnjipedes. Taking all birds together, we hardly 
notice among them groatfir differences than those which exist be- 
tween the various families of Palmipedes, which are, confessedly, 
brought together upon no other character than the webbed form 
of their feet ; though among them we have birds of prey, such as 
the gulls, and others, which seem to stand by themselves nnoon- 
nected, and without any analogy with any other family, such as the 
swans, geese, and ducks ; and again, the pelicans and the genera 
allied to them, and also the divers. It can hardly be understood 
why birds so widely different should be brought together ; and, 
indeed, their reunion would lung ago have been given up, had it not 
been for ihe difficulty of finding characters to separate them, and for 



the strong impression that the similarity of the Btruoture of tlieir 
feet should overrule the other characters. 

But now, since it is known that birds of the most heterogeneouR 
character in the structure of their legs, in their adult form, have, 
when very young, identical legs, whether they belong to the tribe of 
hawks, or to that of crows, or to that of sparrows, or to that of swal- 
lows, or to that of pigeons, or to that of hens, or to that of waders, 
or to that of true Palmipedes, — when we know all these types to 
have an identical development of their legs, and, I may add a!ao, of 
their wings, — for the young wing is equally a smaU webbed fin, — 
there can be no longer any doubtless upon the impropriety of com- 
bining any two families of adult birds solely on the ground of their 
legs having webbed feet. 

It is a fact too well known in zoology, that different families will 
repeat, in the same class, the characteristic changes which are pecu- 
liar to the whole family, to require any further argument to shew that 
Palmipedes are not necessarily a natural division '; and though we 
may fail for the present in ra-arranging the families of this class into 
natural orders, I trust after these remarks, more importance will yet 
be attached, and more attention paid in future, to the fact that PaU 
mipedes, as they are now characterized, have very different types of 
wings and bills. I have, for my own part, been strongly impressed 
with the resemblance which exists between gulls and frigate birds, 
and the birds of prey of the hawk and vulture families, in which 
the toes ai'e by no means so completely distinct as they are among 
other birds. And, far from considering birds of prey as the highest 
family amongst birds, I would only consider them as highest in 
the aeries which includes simultaneously Procellaridot and Larid^. 
Whether the family of pelicans belongs to this group or not, 1 am 
not prepared to say ; but, at all events, the fact of their possessing 
their four toes in one continuous web shews them to rank lowest 
among birds. 

Again, among reptiles there will no longer be a foundation for 
any arrangement resting merely upon impressions ; thus the ter- 
restrial turtles will stand higher than the freshwater, and those 
again higher than the marine ; and among Batrachians, which are 
best known in their embryology, we can already arrange all the 
genera in natural series, taking the metamorphosis of the higher as 
a scale, and placing all full-grown forms in successive order, accord- 
ing to their greater or less resemblance to these transient states. 
Even the relative position of toads and frogs may be settled with as 
much internal evidence as any other question of rank in wider limits, 
merely upon the difference of their feet. 

In my researches upon fossil fishes I have, on several occasions, 
alluded to the resemblance which we notice between the early stages 
of growth in fishes, and the lower form of their families in the full- 
grown state, and also to a similar resemblance between the embry- 
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onic forma and the earliest representatives of that class in the oldest 
geological epochs ; nn analogy which is so close, that it involves 
another most important principle, viz., that the order of Euocession 
in time, of the geological types, agrees nith the gradual changes 
which the animiUs of our day undergo during their nietamorphoHes, 
thus giring us another guide to the manifold relations which exisG 
among animals, alloning us to avail ourselves, fur the purpose of 
claaeification, of the fac^ derived from tlie development of the whola 
animal kingdom in geological epochs, as well as the development of 
individual speuiua in our epoch. But to this most fruitful principle 
I shall have liereafter an opportunity of agaia calling atteution. 
Agaesiz on Lake Superior,-^. 191. 
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1. First Geological Appearance of Coniferx. — Coniferte (Pi 
family), remarkable for the apparently whorled arrangement of thei( 
branches, and for their evergreen leaves; in most cases th^ fomt 
hard cones, but one has soft, berry-like fruit. The seeds are naked,' 
winged, resting on the scales. The leaves are peculiar, the nervei 
not being spread, but often gathered into compact bundles. The 
Coniferos existed at a very early geological epoch. This was the first 
family that became immerous after the ferns. Their remains are 
easily recognised under the microscope by the circular disks on their 
wood cells, 

2, A Proof of the Correctness of the Glacial Theory. — Profeesor 
Agassiz, before starting, showed us a rock at the south entrance of 
the bay, which ho considered a proof positive of the correctness of the 
glacial theory. Its surface was a couple of hundred yards in extent, 
sloping regularly north to the water's edge. The whole was polished 
and scratched, except whore disintegrated. The scratches had twfr 
directions, the prevailing one north 10° to 30° west, the other north 
65° west. The scratches on the outer or lake-side, seemed to have 
a rather more westerly direction than the rest. Great numbers of 
these stria) could be traced below the water's edge, from which they 
ascended in some places at an angle of 30° with the surface, showing, 
as the Professor remarked, that they could not have been produced 
by a floating body. The rock is granitic, with an astonishing 
number of veins and injections of epidotic felspar, granite, and trap, 
often crossing each other so as to form a complicated net-work. 
Wherever csposed, it was ground down to an even surface. — Agt 
on Lake Snperioi; p. 50. 
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3. Neiv Fuhes from Lake Superior, — Professor Agassiz gave 
an account of two new Qahes olitained by liim at Lake Superior, 
which he regarded as types of two new genera. Tlie first is an 
entirely new type in the olasn of Gehea. It is a small fish, five or 
six inches long, which, in some respects, resembles several familieB, 
but is most like the Percoids, though distinct from them. Fossil 
species with simitar characters are found in the cretaceous forma- 
tion. This is the seeond. Professor Agassiz remarked, of tho " old 
fashioned" fishes, so to speak, corresponding in their stintcture to a. 
fossil species, which has been observed in this country. The other 
fish is tho only living representative of a large family of fossil species. 
The existence of these two species has undoubtedly reference to 
the fact, that America is the oldest extensive continent which has 
been upheaved above tho level of the sea. In New Holland, two 
genera exist bearing similar relations to older families, a fish and a 
shell, which have their analogues among the oolitic deposits. — Proo. 
Boston Nat. Hist. Society. American Annual of Sdentijie Dis- 
ayuerif, p. 310. 

MI8CBLLANB0U8. 

4. Resources of Russia. — The metallic produce of the Russian em- 
pire in 1848 was, according to the official returns, as follows, viz. : — 
1826 poodsuf gold; \ pood of platinum;!, 192 poodsofsllver;254,569 
poods of copper; and 8,513,673 poods of wrought iron. The pood 
is equivalent to a little more than 36 lbs. avoirdupois. The gold 
from Russia, therefore, represents a value of £3,944,832, making 
allowance for the English alloy. 

6. Use of AfuBsthetie Agents during Surgical Operations at an 
early period, by the Chinese. — Stanislas Julien has found, in examin- 
ing the Chinese books in the National Library at Paris, the proof 
that the Chinese have been long acquainted with the use of anies- 
thetie agents during surgical operations. The extract which he gives 
is from a book published about the commencement of the sixteenth 
century, in fifty volumes quarto, and entitled, " Kou-Kin-i-tong" — 
General Account of Ancimit and Modern Medieine, — and refers to 
the practice of a celebrated physician, Ilo-a-tho, who flourished be- 
tween the years 220 and 230 of our era. It states that, when about 
to perform certain painful operations, " ho gave the patient a pre- 
paration of hemp'' (Hachich), and that aC the end of a few moments 
" he became as insensible as if he bad been drunk or deprived of 
life." After a certain number of days the patient was cured, with- 
out having experienced the slightest pain during the operation. In a 
Bubaequent notice, he also shews that tho same physician used the 
hydropathic system as a cure for certain diseases ; among others 
chronic rheumatism. 

6. Analogy between Alpine and Arctic Vegetation. — There is no 
animal, and no plant, which in its natural state is found in every 
part of the world, but each has assigned to it a situation correspond- 
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ing with its organization and character. The cod, the trout, and tha 
sturgeon, are found only in the north, and have no aDtarctic repre- 
sentatives. The cactui) is found only in Atnerict, and almost exclu- 
sively in the tropical parts, Humboldt, to whom the earliest inves- 
tigations on this Kubiect are due, extends the principle not only to 
the distribution of plants according to latitude, but also according to 
vertical elevation above the surface of the earth in the same latitudes. 
Thus an elevation of 14,000 feet under the tropica corresponda to 
53° north latitude in America, and 68" in Europe. The vegetation 
on the summit of Mount Etna would correspond with that of Mount 
Washington, and this again with the summits of the Andes and the 
level of the sea in the Arctic regions. In the ascent of a high moun- 
tain, we have, as it were, a vertical section of the strata of v(geta- 
tion which " crop out,'' or successively appear, as we advance towards 
the north over a wide extent of country. 

But in dwelling on the resemblances between the plants of high 
latitudes and those of high mountains, we must not lose sight of their 
not less constant differences. In tho northern regions in general, 
we find tho number of species comparatively small. Thus, in the 
region through which we have passed, and which has already a 
northern character, we find vegetation characterized by great vigour; 
the whole country covered with trees and shrubs, and lichens and 
mosses in great profusion, but the species few, and the proportion of 
handsome flowering shrubs small. In the Alps, on the other hand, 
vegetation is characterized by great beauty and variety, and th«- 
number of brilliantly flowering plants, of Genti&naceai, Primulacen, 
and Compositee, is very great. The plants, however, are dwarfish, 
and vegetation comparatively scanty ; tho lichens and mosses mnoit 
less abundant. There is, then, not an identity, but an analogy only, 
and an imperfect though very interesting one, between Alpine and 
Arctic vegetation. — Agas!^ on Lake Superior, p. 89. 

7. The Kirhoood Analogy. — Tho following letter to Professor 
Piazzi Smyth from Mr S. M. Drach of Ilampstead, we insert aa 
received, deferring, from want of space, any observations on this im- 
portant topic until a future opportunity ;- — 

" Dear Sir, — My attention having been directed to an article in 
the last part of the Edinburgh Kew Philosophical Journal, signed 
P. S., on Kirkwood's new presumed analogy of the planetary rota- 
tions and limits of gravitating influence, I beg to refer to the London 
'Philosophical Magazine' for January 1841, especially paragraph 
6, p^e 40, wherein I shewed that the period of rotation of a primary 
planet supposed to extend to the surface where its attraction — cen- 
trifugal force — is precisely that of a satellite moving at the same dis- 
tance as deduced from tlie actual satellites. There are several other 
carious analogies in this paper which may possibly repay perusal. 

" By noticing this communication in the next number of the Edm- 
hurgh New Philosophical Journal, you mill ranch oblige, yours truly, 
'■ S. M. Dkm:H. 

" "^ ProfeSBor Piniii Smt-lh,"' 
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List of Patents granted for Scotland from 22rf Jime to 22d 
September 1850. 

1. To WiLLiiM WiTsoN', the younger, of Chapel Allerton, in the 
parish of Leeds, in the county of York, majiufairturing chemist, " im- 
pruremenla ia tlie preparation and manufacture of various materials 
to be used in the processes of dyeing, printing, and colouring." — 18th. 
June 1850. 

2. To William Edwahd Newton, of the Office of the Patents, 68 
Chancery Lane, in the county of Middlesex, civil engineer, '' improvements 
in rotary engines ;" being a communication from abroad. — 21et June 
1850. 

3. To James Wakd Hobt. of Blactheath. in the county of Kent, 
engineer, '' certain improvements in the construction of parts of the per- 
manent way of railways, and in shaping iron."^2lBt June 1850. 

4. To William Wood, of Over Darwen, Lancashire, carpet-manu- 
facturer, " improvementaintbemanufactureof carpets and other fabrics." 
—24th June 1630. 

5. To MoBES Poole, of the Patent OfBce, London, gentleman, " im- 
provements in machinery for punching metals, and in the construction of 
springs fur carriages and other uses;" being a communication from 
abroad.— 28th June 1850, 

6. To Petbe Akmand le Comtb ne Fontaine Moeeao, of i South 
Street, Finsbury, in the county of Middlesex, patent agent, " certain im- 
provements in the manufacture of sulphate of soda, muriatic, and other 
ftoidfl ;" being a communication from abroad. — 3d July 1850. 

7- To Thomas Dicsjison Rotch, of Drumlanoford House, in the coun^ 
of Ayr, Esquire, " an improved mode of manufacturing soap ;" being a 
communication from abroad. — 3d July 1850. 

8. To HoBEBT Andbew MAcriE, of Liverpool, in the county of Lan- 
oastfir, augar-reliner, " improvements in manufacturing, refining, and pre- 
paring sugar, also improvements in manufacturing and tJ^ating animal 
cbarooal." — 10th July 1850. 

9. To William Coemack, of No. 60 King Street, Donstun Road, Hag- 
gerstone, in the county of Middlesex, chemist, " certain improvements in 
purifying gas, also applicable in obtaining or separating certain pro~ 
ducts or materials from gas-water and other similar fluids." — ^lOth July 
1850. 

10. To KiCHARD SoBERTs, of Manchester, in the county of Lancaster, 
engineer, " improvements in the manufacture of certain textile fabrics, 
in machinery for weaving plain, figured, and terry or looped fabrics, and 
in machinery or apparatus for cutting velvets and other fabrics." — 12th 
July 1850. 

11. To James Thomson, of Glasgow, in the county of Lanark, civil en- 
gineer, '' improvements in hydraulic machinery, and in steam-engines.'' 
—17th July 1850. 

12. To JoBN Stevenson, of Soan Mills, Dungannon, county Tyrone, 
flB,i-spinner, " certain improvements in machinery for spinning flax and 
other substances."— 17th July 1350. 

13. To Temfest BoDTH,ofArdwiok, in the county of Lancaster, gum- 
VOL. XLIX. HO- XCVm. — OCTOBER 1850. 2 c 



402 Li»t of Falenlt. 

nunufaetDTeT, " oert&m iiaproTemeiita la tba method of, and sppsratu 
for, ottaining and appljing motive power/' — ITth July 1850. 

14. To Peter Wimix BiHt^.w, of Blackheatb, in the connty of, 
Kent, civil engineer, and William Uenbt Bablow, of Derby, ravil en- 
gineer, " improvements \a the pei'manent ways of isilntyE." — 22d July 
1850. 

15. To RicELutD ARCBiS;tLD BciNiHAN, of Iho Patent Office, 166 Fleet 
Str^t] in the city of London, patent agent, " improrementa in types, 
■tereot^pe plates, and other figured Bnrfaces for printing from." — Sfitb 
Jdy 1S50. 

16. To Donald Beatson, of Stepney, in ihe county of Middlesex, 
mariner, " certain impru^'ements in inatromenta, for taking, me«sQring, 
and completing angles. " — 29th July 1B30. 

17. To Joel Spilleh, of Battenea, in theooimty of Surrey, enginoer, 
" improvements in cleaning and grinding wheat and other grain." — 
29th July 1650. 

18. To WcLLiAM Edward Newton, of the Office for Patents, 66 Chan- 
cery Lane, in the county of Middlesex, civil engineer, '' improvement! 
in machinery or apparolua for making hut bodies, and other simiUt 
articles ;" being a communication. — 30th July 1650, 

19. To John Gwtijne, of Lausdowne Lodge, Notting Hill, meichant, 
" improTements is obtaining motive power, and in applying the same to 
giving motion to machinery,"— 31 st July 1850. 

20. To Waltbe Neiisos, of Hyde Park Street, in the city of Glaa- 
guw, Nurtb Britain, engineer, " an improvement or improvements in the 
application of steam, for raising, lowering, moving, or transporting Iieavy 
bodies."— 2d August 1850. 

21. To George GwvuHE, of Sussei Square, in theconnty of Middlesex 
Esquire, " improvements in the manufacture of sugar."— 7th Augott 
1850. 

23. To William Cox, of Manchester, in tbe county of Lancaster, 
cigar-merchant, "certain improvements in machinery or apparatus for 
mannfacturing aerated wafers or other such liquids ;" being a. communi- 
cation from abroad. — 7th August 1850. 

23. To William Edwaeb Newtob, of the Office for Patenta, 6B 
Cijancery Lane, in the county of Middlesei, ci^il engineer, '' improve- 
ments in obtaining, preparing, and applying zinc, and other volatile 
metals, and the oxides thereof; and in the application of zinc, or orescon- 
taining the same, to the preparation or manufacture of certain metals, oc 
alloys of metals ;" being a communication from abroad.— 8th Angtut 
1&60. 

21, To Matthew Ghat, of 3 Morrie Place, in the city of Glaagow, in 
the coun^ of Lanark, practical engineer, " an improved method of sup- 
plying steam boilers with water."^9th August 1S50. 

25, To William Watt, of the city of Glasgow, North Britain, manu- 
facturing chemist, " certain improvements applicable to inland naviga- 
tion, which improvements or parts thereof are also applicable, generally, 
to raising, lowering, or transporting heavy bodies."— 13th August 1850. 

26, To Georoe Acodstus Huddart, of Brynkir, in the county of Oaer~ 
narvon, Esquire, " certain improvements in the manufacture of cigArs, 
and certain improved apparatus for smoking cigars." — I4th Angnst 
1850. 

27, To James Rennie, of Gowan Bonk, Falkirk, in the county of 
Stirling, in the Ungdeui of Scotland, gentleman, " a certaiii improTs- 
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meiit or improTements in the construction of gas retorts and furnaces 
ftnd iu sppBTaluB or macliinery, applicable to the Bame." — 14th August 
1850. 

28. To Chakeeb William Bell, of Manchester, in the county of Lan- 
caster, " iraproteraents in apparatus connected with water-closets, draiaa, 
and cesspools, and gas and air traps." — ]4th August 1830. 

29. To Henky Meyer, iif the Strand, in the county of Middlesex, 
gentleman, " certain improvementa in power looms for weaving." — Hth 
August 1850. 

30. To Read Hollihay, of Hoddersfield, " improvements in lamps." 
— 14th August 1850. 

31. To William M'Nausht, of Rochdale, in the county of Lancaster, 
engineer, " certain improvements in steam engines, and also improve- 
ments in apparatus for ascertaining and registering the power of the 
same." — 16th August 1850. 

32. To Alfred Holl, of Greenwich, in the county of Kent, engineer, 
" improvements in steam engines." — 16t!i August 1850, 

33. To William Edwabd Newton, of the Office for Patents, 68 Chan- 
cery Lane, in the county of Middlesex, civil engineer, " improvementB 
in the construction of ships or vessels, and in steam boilers or generators ;" 
being a communication from abroad.~20th August 1860. 

3i. To EnwABD HiGHTON, of Clarenco Villa, Regent's Park, in the 
connty of Middlesex, engineer, " improvements in electric telegraphs, 
and in mating telegraphic coinraunications."^21st August 1850. 

35. To Chaeles Wilham Lancasteh, of New Bond Street, in the 
county of Middlesex, gunmaker, " improvements in the construction of 
fire arms, cannon and projectiles, and in the manufacture of percussion 
tabes."— 21st August 1850. 

36. To William Dick, of the city of Edinburgh, professor of veteri- 
nary medicine in the Edinburgh Veterinary College, "improvements 
in Uie manufacture of steel and gas." — 22d August 1850. 

37. To Thomas Lucas Patebson, of the city of Glasgow, North 
Britain, manufacturer and calico printer, " certain improveroetita in the 
preparation or manufacture of textile materials, and in the finishing of 
woven fabrics, and in the machinery or apparatus used therein," — 22d 
August 1850. 

38. To Robert Westmoreland Hutchikson. of Camberwell, in the 
connty of Surrey, gentleman, " certain improvements in saw sets, 
mallets, and other tools, and in apparatus and machinery fur manufac- 
turing the same." — 28th Angust 1850. 

39. To James Hall, of Gercross, near Stoclport, in the county of 
Chester, machine maker, " certain improvements in looms for weaving." 
—28th August 1850. 

40. To Henry Hodldsworth, of Coltness House, i; 
art. North Britain, iron-master, " improvements in 
iron and other metals."— 28th August 1850. 

41. To CnABLEs Lamport, of Workington, in the county of Cumber- 
land, ahip-builder, '' certain improvements in machinery or apparatus for 
lifting and moving weights, working chains, and pumping, which improve- 
ments are more especiall)' adapted for ship's nso." — 2d September 1850. 

42. To Abtley Paston Ptticn, of Margate, in the countyof Kent, and 
James Heywood Whitehead, of the Kojnl George Mills, Saddleworth, 
near Manchester, " improvements in filters.''~2d September 1850. 

43. To FBESsnicK Woodsbidoe, of Old Gravel Lane, in the coanty of 
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Middleeez, engineer. " improremeiils in machineiy for manulkctiu-ing 
rivets, bolts, and Bcrew blnnks." — 3d September 1861). 

44. To Wakehelo Pik, of tbe town or borough of KingBton-npon- 
HuU, in the county of the s«me town or borongh, engine and bo3er 
milker and builder of iron steam ships, " certain improiements in the 
constnicliun of the boilers and funnels of steam engines. "~^th Septem- 
ber 1650. 

45. To William Joseph Hobbp all, and Thomas Jakes, both of the 
Mereey steel and iron works, Toiteth Park, Liverpool, in the coimty of 
I.ajicaster, " improvemeEtB in the rolling of iron and other metak."^ 
6th September 1S30. 

46. To Geohok Attwood, of Birmingham, in the county of War- 
wick, copper roller manufacturer, " a new or improved method of makang 
tubing of ocipper or alloys of copper." — 6th September 1850. 

47. To Thomas Pricstlt, of Shuttleworth, in the coonty of Lancaster. 
manager, and Richard Uurbt, of Rochdale, in the same county, cotton 
spinner, '' certain improvements in the machinery or apparatus to be 
Dsed for preparing, spinning, and doubling cotton, wool, flax, silk, and 
similar fibrous materials, and also in machinery or apparatus for prepu- 
ing, balling, and winding warps, or yarns." — -yth September 1850. 

48. To Geoboe Thompson, of No. 12 Park Road, Regent's Park, in the 
county of Middlesex, gentleman, "certain improvements in machinery 
and apparatus for cutting, digging, or turning up earth, applicable to agri- 
cultural purposes." — 16th September 1850. 

49. To Chbibtopher Cross, of Famworth, neap Bolton, in the county 
of Lancaster, cotton spinner and manufacturer, " certain improTS- 
ments in the manufacture of testiJe fabrics, also in the manufacture of 
wearing apparel and other articles from textile materials, and in the 
machinery or apparatus for effecting the same," — 16th September 
1850. 

60. To Joseph Loso and jAMEsLoso.of Little Tower Street, in the wtf 
of London, mathematical instrument makers, and Richarp Paittmdsn, 
of Nelson Square, in the county of Surrey, engineer, ■' an improvement , 
in instruments and machinery for steering ships, which is also applicable J 
to vices and other instruments and machinery for obtaining power." — I 
l7th September 1850. 

51. ToJoHN JamesGreenodgh, of George Street, Hanover Squa 
the county of Middlesex, gentleman, "improvements in obtaining a 
applying motive power ;" being a communication from abroad. — l?t^ 4 
September 1850. 

52. To John Sidebottoh, of Broadbottom, in the county of Chester,! 
manufacturer, " improvements in looms fur weaving," — 18th SeptamT 
1850. 

63. To Gbohoe Robbinb, of Forest Lodge, near Hythe, in the county 
of Southampton, gentleman, " improvements in the construction o" 
way carriages." — 20th September 1850. 

54. To James Scott, of Falkirk, in the county of Stirling, Nortbl 
Britain, shipwright, '' certain impTovements in docks, slips, and aj^ 
ratus connected therewith. "--20th September 1850. 



Address, by Sir David Brewster, on opening tbe British Ass 

for 1850, 277 — Concluding Address by the President on the 
adjournment of the Association to Ipswich in 1851, 382. 
Agassiz, Professor, on the distribution of animals, 1—30 — Glacial 
theory of erratics and drift, 97 — Discovery of coral animals on 
the coast of Massachusetts, 179 — On the fossil erinoida of the 
United States, 177 — On the circulation and digestion of the 
lower animals, 179^ — ^On the metamorphoses of the lepidoptera, 
180 — On the zoological character of young mammalia, 181 — 
The Manatus or sea cow, the embryonic type of the pachyder- 
niata, 182 — On the differences between the variouB animal 
types in the succession of organized beings through the whole 
range of geological times, 160 — On the natural relations be- 
tween animals and the elements in which they live, 193 — On 
Lamprey eels, and their embryonic devetopment and place in 
the natural history system, 242— On the salmonidse, 144 — 
Classification of vertebrata from embryonic and palreozoic data, 
395. 

Adie, John, F.R.S.E,, description of the marine telescope, 117^ — ^Ex- 
periments to discover the cause of the change which takes place 
in the standard points of thermometers, 122. 

Adie, Kichard, on the causes which influence the changes of Isother- 
mal Lines, 236. 

Adulteration of drugs, account of, 185. 

Air-Whistle, noticed, 187. 

Air and Water of Towns considered, by Dr R. A. Smith, 347. 

Analogy, new, in the periods of rotation of the primary planets dis- 
covered by Daniel Kirkwood of Pottsville, Pennsylvania, 165. 

Anderson, Dr, on Dura Den fossil fishes, 368. 

Anderson, Thomas, Dr, on iodine and codeine, 367. 

Anemometer, new integrating, its working, noticed by Mr Follet, 
327. 

Argyll, Duke of, discovery of Tertiary rocks on the island of Mull, 
350. 

Arsenic in chalybeate springs, 175. 

Anemometer, new integratory, noticed, 327. 

Beattie, Mr George, on a new door-spring, 357. 

Bennett, Professor, on the molecular element of growth in plants 
and animals, 373. 

Birds of the Faroe Islands noticed by J, WoUey, Esq., 371. 

British Association for 1850, Proceidings of, 275-296. 

Brongniart, M., chronological exposition of the periods of vegetation, 
and the different floras which have succeeded each other on the 
earth's surface, 72. 

BrjBon, A., remarks on a bone cave near the mouth of the North 
Esk, 253. 
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Brewater, Sir David, on the poUrising structure of the eje, 32i 

On the optical properti^ of cy&nuret of magnesia and pluiaa 
— On a new membrane investing the crystalline leus — On tha 

polarisation of the atmosphere, 365. 

Buckman, Professor, on tessellated pavements, 366. 

Budd, P. Palmei', on the value of gaseous escapes from blast fur- 
naces, 358. 

Carpenter on Echinida, 371- 

Cauterization in tiie case of poisonous bites, 183. 

Circulation and digestion of tlie lower animals, remarks on, 179. 

Crinoids, fossil, of the United States, notice of, 177- 

Orocodilia, fossil, of England, account of, 248. 

Climate of tha valley of the Xile, observations on, by T. S. Wella, 
Esq., 343. 

Chemical facts connected with the tessulated pavements discovered at 
Cirencester, by Professor Buckman, 366. 

Chambers, K., F.R.E., his account of an Iron Boat-hook found 

the Carse of Gowrie, 233— Observations on G-lacial Pfaeno* 
mena around Edinburgh, 330. 

Coal formation of America, its extent, 175 — Lesmahago coal field, 
account of, 313. 

Coloured glasses, tha use of, in a.ssisting the view in fogs. 170. 

Coral Island, completed account of. by James D. Dana, 65. 

Dalyell, Sir J., on tha changes of the integuments by animals, 316, 

Davy, John, Dr, on the geology of the West Indies, 158 — On tlk» 
deposit in the Boilers of Steam Engines, 250, 

Dental parasites, notice of, 184. 

Electrical phenomenon, or a new and curious application of, in the 
working of mi I la, 188. 

Fallows', Rev. P., result of observations made at the Cape of Good 
Hope, 148. 

Fluoride of calcium, its solubility in water, at 60° F., hy Dr 
Wilson, 230. 

Fluorine, its presence in blood and milk, ascertained by Dr Wilson, 
227. 

Forbes, Edward, Professor, his notes on an excursion to the He- 
brides, 388 — On the suceesaion of strata, and distribution of 
organic remains in the Dorsetshire purbecfca, 311 — On the 
infra' littoral distribution of marine animals on the southern, 
northern, and western shores of England and Scotland, 335 — 
On the European species of Echinus, 338. 

Fossil elephant and mastodon from Africa, 183. 

Geography and Geology of the peninsula of Mount Sinai and tho' 
adjacent countries, by John Hogg, F.R.S., &c., 33-25fi, 

Glacial theory of the erratics and drift of the new and old worlds, 97. 

Glacial phenomena around Edinburgh, described by R. Chambers, 
Esq., 330. 
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Hec^ plants of India, observations on, by Dr ClegUorn, 315. 
Hitchcock, Professor, his observations on the effects of river action 

on wearing down strata, and the raised sea margins of New 

England 348. 
Hogg, John, F.R.S., on the geography and geology of ihe peninsula 

of Mount Sinai and adjacent countries, 33-255. 
Hopkins, Mr, on the dispersion of granite blocks from Ben Cruachan, 

334— On Isothermal Lines, 345 — On the formation of 

clouds, 345. 
Horner, Leonard, F.R.S., his obsorrations on the discovery, by 

Professor Lepsius, of sculptured marks on rocks in the Nile 

Valley in Nubia, 126. 
Hunt, Mr, on the chemical action of solar radiation, 329. 
Iron, a new and ready process for the quantitative determination of, 

by Dr F. Penny, 328. 
Ivory, to render flexible, 187 — decajed to restore, 186 — as an 

article of commerce, 186. 
Keith, Johnston, Esq., F.R.S.E., on the geographical distribution of 

health and disease, 353. 
Kirkwood, Daniel, on a new analogy in the periods of rotation of 

the primary planets, discovered by him, 165 — Mr Draoh'a 

Letter on this analogy, 400, 
Xake " Ngami" of South America, account of, 150, 
Lakes of North America, the rise and fall of their water considered, 
' 172. 

Lamprey eels, observations on, by Prof. Agassiz, 242, 
Maclaren, C, Esq,, F.R.S.E., on moraines in Scotland, 333. 
Macpherson, Mr, on the bursting of water pipes, 326. 
Manganese, its frequency on the water of streams, lakes, fiio., 174. 
Mantell, G., Dr, on the extinct birds of New Zealand, 385 — On the 

Iguanodon, 371, 
Marine telescope, described by John Adio, F.R.S.E., 117- 
Martins, M., on the chmate of France, 341, 
Miller, H., Esq., on the boulder clay of Ross and Cromarty, 332 — On 

the peculiarities of structure in the more ancient Ganoids, 36Q. 
Meteorological observations at the Observatory of Whitehaven, Cum- 
berland, in the year 1849, by John Fletcher Miller, F.E.S., 53. 
MolluEca, testaceous, their distribution in Jamaica, 180. 
Murchison, Sir R. I., on the discovery of carboniferous fossils in the 

crystalline chain of the Forez, 308. 
Naamyth, James, Esq., C.E., his improvements in forging iron, 327 

— On the physiognomy of the moon, 363. 
Niagara, Falls of, considered, 174. 
Nicol, James, Professor, on the geology of the southern extremity 

of Cantyre, 385. 
Owen, Professor, on British Eocene serpents, and the serpent of the 
Bible, 239 — Observations on three skulls of Naloo Africans, 



Ozone, Bccount of, and the method of detemiiniDg the imiount of, 
in the Atmosphere, 171- 

Paracbutes, their use in mines, 185. 

Patents, list of, granted for Scotland from 22d &farch to 22d Jnns 
1850, 189— From 22d June to 22d September, 401. 

PetromjzontiUffi, obserFatioca on, 242. 

Phillips, Professor, on the effects produced by lightning on a tre« 
near Edinburgh, 341— On Isoclinal Lines in Yorkshire, 362. 

Pilla, Leopold, the geologist, biographical sketch of, by M. H. 
Coquand, 68. 

Playfair, Dr L., on the condensation of volume in highly bydmted 
minerals, 329. 

Primitive races of Scotland, noticed, by M. D. Wilson, 318. 

Rain drops, fossil, observations on, 246. 

River terraces of the Counectiout Valley, described, 176. 

Hobmson, Dr, on resigning the Presidency of the British AssoeiaXiaD,. 
276. 

Salmon tribe, their classification, and geographical distribution con- 
sidered, 144. 

Sooresby, Dr Wm., on Atlantic waves, their magnitude, velocity, 
and phenomena, 29G. 

Sedgwick, Prol'essor, on tlio Paltcozoic rocks of the south of Scot- 
land, 369 — his delivery of a vote of thanks to the University of 
Edinburgh, 375. 

Self-imposed taxation of the working classes in the United Kingdom, 
particularly considered, by G. R. Porter, Esq., 319. 

Serpent of the Bible, observations on, 239, 

Simpson, Professor, on the reproduction of limbs after amputation, 
373. 

Smyth, Professor, on cometary physics, 363. 

Sorby, H. C, on the Trimorphism of carbon, 307- 

Steamboat, New World, noticed, 184. 

Sugar, a new process, followed in its manufacture from sugoT'Cane, 
in the south of Spain, by Dr Scoffern, 346. 

Thanks of the British Association to the following public bodies :— 
To the Lord Provest and Magistrates of Edinburgh, 374 — 
The University of Edinburgh, 375— The Colleges of the 
Physicians and Surgeons, 379 — The Eoyal Society of £din- 
burgh, &c., 379 — The Commi&sioners of Northern Lights, 380. 

Water thermometer, noticed, 173, 

Williams, Dr T,, his notes on Crustacea, 316. 

Wilson, George, M.D., on the presence of fluorine in blood and milk, 
227 — On the extent to whieh fluoride of calcium is soluble i& 
water at 60° F.. 230 — On the influence of sun-!ight over the 
action of the dry gases on organic colours, 330 — Particulars in 
the Life of Dr Black, 306. 

Wolley. J., Esq., on the birds of the Faroe Islands, 371. 
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